Pepper Hamilton [1p

3000 Two Logan Square

Fightzenth and Arch Strcers

Philadelphis, PA 19103-2799

215,981.4000

Fax 215.981.4750 215-981-4412

richmand{@pepperlaw.com
March 21, 2003

Vid FACSTMILE AND FEDERAL EXPRESS MAIL.

Richard Boyd, Chief

Medium & Heavy Duty Truck Division : o

Office of Defects Investigation el =

Safety Assurance SR R
Nationa] Highway Traffic Safety LE Be
Administration v Ga i
400 Seventh Street, SW ey, i =
Washington, DC 20590 . e -

Re:  Information Reguest to SKF USA Inc, o

PE(2-088
Dear Mr. Boyd:

With thanks for your understanding about the various circumstances that delayed
this submisgion, pleass accept this supplemental response to the Jannary 31, 2003 responze made
by SKF USA Inc. to your December 16, 2002 Information Request directed to the company.

Permit me first to correct an error in the January 31, 2003 tesponse. In answer to
Request No. 6 at page five, the second paragraph begins, "Tn June 2000 SKF switched its source
of seal supply from its Bethlehem plant to its Elgm, I11 plant...."” That sentence shonld have read,
"In April 2002 SKF switched its source of seal supply...." If a corrected version of the January
31, 2003 submission wonld not confuse matters, I would be pleased to submit eame in

substitution for the original. I apologize for the error and trust that it has not adversely affscted
your investigation.

SKF's January 31, 2003 submission stated that a response 1o Request No. 10 was
in the process of being formulated and would be submitted within thirty days. On March 10,
2003, SKF, as you know, submitted a notice purspant to 49 CFR § 573.5 reporting the company's
determination that some portion of the population of hub units produced within three specified
production pericds contain manufacturing defects, albeit of a non-safety-related character as
evidenced by the absence of any injuries or fatalities involving trucks containing the hub umits,
Aas that potice contains SKF's detailed opinion of the "alleged defect in the subject component™
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and addresses the sub-issues for which an assossment is requested in Request No. 10, SK¥
incorporates herein by reference its March 10, 2003 Lstter.

SKF also requesied additional time to submit internal and external e-mail
communications responsive to Request Nos. 5 and 8. Such docurnents are heing produced with
this letter along with the pertinent emtries from the calendar of SKF's William Farrell, Vice
Preaident, North American Truck Business Unit, and an October 23, 2002 presentation by
ArvinMeritor, Although more than one thousand pages are being produced today, additional e-
mail traffic is still in the process of being reviewed for responsiveness to ODI's information
Request. On completing that review, we will submit any additional e-mails in SKF's possession
that are responsive to the Information Request,

Kindly contact me directly if you have any questions concerning this response or
require additional information or ¢larification.
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Agenda

* Introductions

* Product Background

» Product Description

* Product Performance History Summary
* Initial Problem Investigation

« Truck Hub Unit End of Life Description
* Initial Problem Investigation {(continued)
* Initial Problem Investigation Results

* Field Investigation, Phase 1

» Electronic Inspection Device In Use

» Field investigation, Phase 2

* Next Steps

» THU Predictive Inspection Kit
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Product Background

» History
+ Industry Wheel End (THU) Experience ("The Great Wheel Bearing Debate,”
Commercial Carrier Joumnal, 2/97, Pq. 49, Paragraph 1) — per NTSB, 750 to
1050 standard wheel end separations per year.

* Unitized wheel ends (THU) successfully in use in Europe since late 1980’s
« Design Criteria
«  Objectives
» Robust fastening design
- Sealed, no maintenance, perodic inspaction only
*  Warranted for 750,000 miles
» Application — 12 to 13.2K Line-haul
»  Product Introduction
» 1996
-+ Truck Hub Unit produced in Germany, 1996 to beginning of 1999
+ Campaign for flange fracture, all of 1296 vintage replaced
= Wheel saver campaign (improper field application)
« Transition to US based production during 1998

SKF 001191 3
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Product Description

Hub S ub-System

Consists of:

« Bearing Geometry
+ Sealed for Lie

* Long Life Grease

* No Maintenance,
Periodic inspection only

SKF 001182
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Product Descripti'on (coﬁi}nued)

* Robust Fastening System (objective — keep wheel on
truck)
« Large inner “D” Washer and Nut
* Lock Washer and Outer Nut
* Tamper Identification

» Warning Label (proper torque, toll-free number for maintenance
information, etc.)

* Product designed to operate in preload
~ » New logic as compared to standard wheel end

» Sealed Hub Cap
* Inspection Instructions

SKF 001193 5
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Fastening and Tamper ID System
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Product Performance History Summary

« Germany production has met expectations
* Product well received in the industry

« United States production issue surfaced during 2000.
» Problem appeared discrete and contained

« Additional issue surfaced at end 2001
« Again, problem appeared discrete and contained

« As a contingency, design investigations and confirmations were
undertaken. No significant issues found, only technology upgrade
opportunities.

» By Spring 2002, it was apparent that an unidentified issue was in
progress
« Field issues included:

* Product eary wear out
» Near wheel offs

+ Wheel offs

= Thermal events

BKF 001196
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Initial Problem Investighaﬁt_i;ﬁn

« Categorization of problem
« Retrieve all distressed hubs through warranty system

Majority of hubs analyzed for failure reason
Symptoms noted (representative list)

« il separation from grease

- |nsufficient preload

+ Water ingress
Many root cause theories for the early wear out postulated

¢ Inboard seal performance

» Bearing manufacturing variation

« Qil separation from grease

« Numerous others

Questions whether wheel offs and thermal events were
unpredictable, instantaneous events or were avoidable

SKF 001107 9



/ 23-Oci-02

{ Wi L
ArvinMeritor 't. FF-081 §rn-' THU Fisld Investigation Review

.

Truck Hub Unit End of Lﬂ’e DesEi—'_iBtiona

* Path One: Follow recommended Inspection Criteria
* Vehicle preventive maintenance cycle occurs
= Truck front end placed on jack stands
* End play check - if above 0.006", replace Truck Hub Unit
* Tire rotation check for nolsa — if vibration or noise is detected, replace Truck Hub bnit
» Path Two: Do Not Inspect
* Bearing distress progresses towards failure
* Infemal distress causes heat generation — Vibration during braking and turning
* Wear progression causes increased wheel end play and activation of ABS fault signal
* Grease and seal failure — Vibration, nolse and smoke (Driver halts vehicle or continues)

* Rollers eject; steering wheel pull, vibration, noise and horsepower increase required (Driver
halts vehicle or continues)

* Brakse linings become “bearing” system — above signs + brake smell (Driver halts vehicle or
continueg)

* Heat generation; visible distress signs of smoke and sparks (up to 1600 degrees F)
* Driver stops - possible fire, or driver continues
* Fastening system plastically deforms; wheel off, driver stops vehicle

giF 001188 10
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Initial Problem Investigation (continued)

* Actions
Manufacturing investigation
* Axle assembly processes and practices
* Bearing and wheel end assembly processes and practices
Test track test to failure studies initiated
Clarity of recommended inspection process improved

Field communications to OEM's, Fleets, Owner-Operators
* Manufacturing issue
* Introduction to TP-0251
» Issuance of TP-0298

SKF 001188 11
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Initial Problem Investig;fibn Results

* Axle Assembly
* Minor process changes and modifications incorporated
* Hub end-play containment instituted
* Bearing and Truck Hub Unit manufacture and assembly
* lssues leading to early wear-out identified
* Corrections, both parmanent and temporary, instituted
* End of line containment for effectiveness confirmation Instituted
* Test Track Test to Failure Status
* Highly accelerated test completed; waming signals present
»  First full test just completed, final report and conclusions due 10/28/02
* Preliminary Indications are that waming signals are prasent
» Second and third test still in progress : .
= Issuance of detalled, clear and field-tested inspection method (TP-0251)
* Progressive events reduced but not eliminated

* Field communications fo OEM's, Fleets, and Owner-Operators regarding inspection
importance and method, as per above.

* ARM/SKEF jointly developed electronic bearing failure detection device

» Initial investigation did not answer why progressive events were occurring, as
detection of emerging bearing issue is detectable with TP-0251 inspection method
12
SKF 001200
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Field Investigation, Pha‘hé_éj1

» Field Investigation Structured, with following objectives.

« Characterize field population with statistically valid sample

« Validate effectiveness of TP-0251

« Verify and validate electronic detection tool and method; choose best option

» Find answer to why progressive events were still occurring

+ One fleet with multiple ocations (7) and in service dates chosen (1997 to 2001).
* Resulls

« Electronic detection method chosen and validated; hurdle value established

« Effectiveness of TP-0251 confirmed (however not as sensitive as the
electronics})

* Field population characterization confirmed TP 0251, but results indicated that
the special cause of progressive events was not uncovered.

» Phase 1 completed on 366 trucks at one fleet, with results suggesting that
inspection practices needed {o be investigated. Consequently, Phase 2
investigation was conducted at other fleets.

13
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Electronic Inspection Device in Use

14
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Field Investigation, Phase 2

» Phase 2 investigation structure (scope)
« Final test of electronics threshold and use instructions
« Evaluate multiple maintenance and inspection practices (5 locations) — BOB's,
average, WOW’s (Shainin Statistical Problem Solving Teminology)
. ﬁfg&f;cally target locations with continuing progressive events (definition of

* Results
« Those fleets and dealerships that practice TP-0251 do not have significant

events .
. No electronic device readings higher than 4.70, which is marginally detectable with TP-
0251
« On-site chservation uncovered tools, knowledge and documentation compliance

. Lack of progressive events after issuance of TP-0251
. Those fleets/dealerships that do not practice TP-0251 have progressive events
» Numerous electronic device readings above 11, which is highly detectable with TP-

0251
« Or-site observation found lack of tools, knowledge and documentation

. Concentration of progressive events after lssuance of TP-0251

SKF 001203 15
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Next Steps

« Final refinement of TP-0251

« Issuance of new Technical Publication for use with electronic detection
device for those users that wish to use a predictive inspection too!

» Electronic detection kit availability

+ Communications: (May or may not include iraining)
* QEM's
* Fleets
= Drivers
« Dealerships (if OEM desires)
+ Owner-operators .
« Maintenance groups (OEM dealerships, fleets, independents)
* Publications
+ TMC

«  ArvinMeritor/SKF District Service Managers

« Common purpose is to elevate the awareness of the importance of inspection
requirements and methods for end of life determination for this product

16
SiF 001204
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SKF Engineering & Research Centre B.Y, _ Final Report

NLO2T911
2002-12-19

Failure Analysis on specially selected Meritor
THUs from the Field. |

Gunnar de Wit

Materials Theory & Testing
Achim Miiller

Business Unit Trucks
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Faiture Analysls on spacially selected Meritor THUs from the NLEZTaY1
2002-12-19
Fleki.
Burthor Skonatura Freof-reader Signalum
Gunnar e Wit ¢ Aohim Mallar Armin Clachewsk!
Disiribputicn list
Hara Croups Localinn
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Michasl [. Layde Bysinaxx Unit Trugks: Flymoulh
Almcandar de Yrigs Automotive Developm. Cantra  Nisuwsgan
Stathla lcannmdaa Group Tachnology Cewalonm,  Nisuwagein
ET raport fle.
Inisrmad
ciairbulion
[alectronic)
Project feem  Gunnar de Wit ERAC NiBnwepmn
memberm  Arnim Miilar Buainoas Linkt Trucks Schwainfurl
Thlg Fapon No.
Ralaiod ERC  Avttar Meritor THL!s Trom the Fleld: Yiewal Iapection. NLOZT 0%
Avitar Maritor THLM from tha Flald Scanning Elsotren Misroaoopy NLE2M803
Avilor Meribor THUS lrom the Fladd: X-ray Analyals NLCS B4

Kay Wards THU

& 2003 SKF Enginerring & Rexaarch Centre BV,

Notice of Conflldentinlity
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be repeoduced imder any circumstances,
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CONFIDENTIAL REPORT
Report NLO2T911

Failure Analysis on specially selected
Meritor THUs from the Field.

Abatraci There hgve been incidenis with THUS in the USA. Thiroen num wnits, wken from the fleid, wers supplied
Scheeeinfurt for an investigation. The unils were spmially selected on a prodoction pericd on which the customer clairms
that the units are having bad quality. This inspection shovwed that most of the failed bearings had sufferd, as all ]erlnl.lsly
investigated units, maindy due 16 pocr Lobrication conditions a3 8 rezult of water inpreee. In addition several of these unils,
from thiy specific productnn period, showed 2 poor surface oppearance due 1o 22 emor in manufacturing,

Project background

Ther= have been incidentt with THU; it the LISA_ Several
run unis, ieken from the fleld, have been supplisd o
Schoeinfiyt for inveatlgations.

The thirtoen units, investigated and repocizd here, had been
selectsd] fron a centnin prodochion period, around
ApriMay 1999, when the onits had been performed bad
according to the customy.

Ohjectives

Tao visuslly ispect the THUs received from the fiel in
erder to fiod an explanation to the high number of claims
for the prodoction period meationed above and w possibiy
defme further investdgations,

Maln resmlis

One THU debivered had not failed and eould sbll have been
used in the G=kd.

Those failed THUs showed a resparksbles largs number of
ouer ring failores in comparizon to earlier inepectad THY y.

The majority of the inspectad THE: Abowed to have been
mﬂneumdh}fa migtake in the mannfactoring, 1.2, there
were ooty rings which hed not been correctly surface
finiahed.

The delailed reaults of thw visual intpection 2re shown oo
the feilowing pages of this repert.

Maln conclusions and recommendations

Prom the resubts of the investipations it could e cancInded
that the bigh number of cluims for the production period of
AprilMay 1999 wers camed by an ineoerect final operation
In surface Onishing of the owber ring saceways.

Other potential faihore modes, a5 found earller on other
THUs, see ref. 1, showed to alae be praazut on these THUs

investigated and repored here. These were:
1. The application conditicns for the THLS wers not idesl

|.a. Poor fit on the shaft, resultitg in frefting comosion 1o
the bore ol the inoer rings.

Lh. High bending forces on the knackle snd/or shaft,
rewired in Fetting cormsion on both side-faces of the inoer

fngs.

© SKF Engincering £ Research Centre B.Y.

L.c. Poor surface finishing of the knuckle surface in contact
with the inner ring {in-board) had an acceberating =ifect on
the farmetion of Freming corrosion.

2. Water eatering into the THL,
2 a Resulting in found moizture corrorion.

Lh. Water entered also in 1o the gresss, resulting in poar
lubrication conditions, i.e. thin Akm. This was only
supported by the visaal imspection and not by the preass
anatysis Greate analytes were not conchcive dus i the
cxtended storage time of the parts at differsnt locatons,

2.c. Al one THU waber might have awtered 2t the seals as
well dus ko possible melfunctioning of the s=al.

SKF 001208 3
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1. Results of the visual Inspection.

In the report below the following abbrevistions are used:
1B = in-board, OB = put-board,
IR = inner fing, OR = oater ring.

The wheole circumiersnce of a ting i3 360 ® with the centre
of the Toaded zone ar 0" for the IRs.

Trort=en THUG were delivered to Schweinfunt for analysis.
Theee and some additional informalion are shown here
below in table 1. Only for this report these THU were
muribersd from 1 to 13, zea the first columm,

THU | Cade Foiled | Miles | Remarks
ho, tlement {falim dme
e}
T | E1sor274 "“}‘:’ﬂ 3 12699
2 | Ei800338 "“%";"‘" 303.580 | 12709
3 | poens3 ""%";"‘ 707.854 | 13299
4 | Ei755899 | .
inbaard | 250353 | 12489
QIze33s or
5 inbaard
E7dt00 | O | 351030 | 12398
s 2589
irboard
o | maon | S350 |11
7 D227 "”g;f‘“’ 12199
8 | osz3228 ""‘g;w 11200
0 | 0221351 None | 438310 | 11099
in Inboard
2907 Poard | 254,250
i | zimu
2ef2 IR+ OR
12 | 23zi02 0 | .
irboard | 4aze02 | g.p408
2uf2 IR+ OR
JE] inboard
w96 | Dnboard ¢ yiom)

Table 1. Ingpecred THIL

The zhle above ia showing et o mmarkable high aweaber
of the outsr tinga hed failed. Remarkable is also thet two of
e fallores wers in the out board positaon.

Cue of the THUs, oe. 9, had not failed.

The performed visual inspections showed the folkwing
feares:

4

1.1 Raceway apptarances.

The raceways, conlact paths, of the not failed THL, ne. 9,
shorweed in general 8 good appesrance, s the bearing could
clearly have ren longer.

The brarings showed, in poneral, rumming tracks being
zhiny. The shiny appearance i an early stape of adhesive
wear or surfece digtreax. This is a srong indication of 3 not
ideal lubrication comdition.

Ome THU, 0o, 1, had only en inoer ring failed. [ndication of
poor prinding was presenl

Five THLUs, no's 34,7,8 end 10, had only failed outer rings.
Indicetinn of poor grinding wax vizsually noliced.

Ses photograph, fig . below, of the bypicz| grinding pati=m
found on many cuter rings. This panern js glving the
indication of pressnce of grinding burna. The appearance i
very similar Lo that of the sorface in the bore, i.2. 3 groand
and not honed surface. Ser also forther chapter 3.

Two THUs, tvo's 11 and 13, had failed TR. + OR. Indicaticn
of poor grinding wax visually noticed.

Twao THUs, no’s 5 and 12, had failed IR + OR. A slight
indication of poor grinding waz visually noviced.

One THLU, no. 2, falled OF, malfunctonlag of s=al.
Cme THU, 1. §, failed IR + OR, 1oo far edvanced.

THU no's 2, 5 and & showed spalls oo roller distances
which imdicates that sornething has heppened during
starafafiil. Thi® could be modtturs coctodton, clearly vistbhe
oo g, 2,

The rpllers showed, in general, a (Jogical) comesponding
appearanca, Le. a slightly shiny surface.

For the appearance of e roller ends (I coatact with Large
flange) see chapter 1.4.

Fig. 1. Showing iho surface patters om the raceway of an
onter ring. This surface appearance indicales a poor
prinding oparation.

¢ SEP Enpireoring & Keseach Contm B.Y.
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L2 Freting corrosion.

Om sevarad suafaces fretting corrosion was chserved, these
were:

- inner Ting bore. All investipated rings showed fretting
corrosion In the bore. This varied from being hardly visible
ko very srong in appeerance. There was a clear endency
thet the ring in the itr-board position bed stronger fretiing
than the ring in the cut-board position. The fretting was,
logicaily, concentrated In the load=d position. However,
somedmes the frafting wes present aroand the complets
citcoiderence, but, then moatly strongsst in the loaded
positicn.

- inner ring Hide-face, thin section. All investgated rings
had frelbing corrozion in Hhis position. o some of the Angs
the fretting was peesent on the whole circcumizrence. But
the gencral appearance was that thix fretting waa
concentrated {aod started) at the positioas 90 * and 270,
- inner ripg side-face, thick zecton. All invesdgmted rings
showed  have fetting cormosicn in this pesition, In most
of the tings (9 out of 17) the eppeerimet had & apecific
made witich could be related to the poor surface finishing
of the coresponding surface on the kouckle

L3 Moktore corroalon.

Corroslon, max prabably dne (o the presence of water, wil
fommd in the following positions:

- inaer g bore, contast surface with shafl This “pormal™
r=d rust wan found on almeoat all rimgs.

- Inner dog bore, thin section. Thit corroslon was found, on
5 rings, in the position where the Jozd had beon applicd, ",
which indicares thet it cccurmd during stad-atill,

- on the shoulder of IR large flange. This was only found on
ome inmer ring, in THU ob. 2 In table 1.

L4 SHding'wear.

Sliding with resultant wear {smearing) was cbsarved ot the
mrface contact betweea the roller end and e Jarge flange.
ATl irvestigated riegs showed to have this. Some abowed o
have small spalls, l.e. matecml broken mat,

The roller ends shawed in general & shiny surface, i.a. sarly
stage of sdbesive wesr.

1% Senln ¥ shouklers in condact.

Aux o mesult of the slkling of the seals on the shoolder of the
Targe izeer ring flange, shiny hands wers noticed o the
rings. Thin is ragardsd as u aoemat and scceptable
EPPCATATICE.

14 Other remacks,

*Nick™ type indentation was foimd on the reller rasewayb.
However, thare wers no gigns that these have influsoced the
performance of the bearings.

The appearznce of the balts was not inspected.

£ SKF Enginzering & Research Oeowre B.Y.

1. Resmiiz of the grease analysis,

Greaze xamples from nine Riled THIA i wsble | have
takem, malysed and reported in raf. [2].

The coacluslons weme:

- All grease xarmples investigaisd coald be indentifled as
prease Caltthia EP2,

= The oridation and alteration of the gresss is modcnsc.
- All greans semples are polluwed by mors o less irm
oxides {rust) and over-rolled steel particles from the
bearing.

- Omne greass satmple, from THU no. 2 (E 1500238}, contins
&n extraordinary amount of Tran oxides, 3. 16 weight %,
including metatlls partiches and some inorganic silicates.
— Mo water coukd be detected | neither by Infrared mor by
applying the siople creckle test.

3. Results of the metallurgicsl investigation.

Seven of the THI)s were sent to the matcrialy laboratecy, in
Schaeinfurt, o o metallurgica] iuvestigation. The cutcome
of this, reported in ref. [3, 4], was as folloa-

- Hardness, =ffeciive cote depth after inducticn herdening
and mlcrosrocture are within specifications.

- Etching of the obrerved patetst on B Oules 1ing Maceways
for grinding burna showed that alt featorey are within
specification and ars not A camee of Tejection.

- In some cazes, a Dunklamental reasoo for the ceducton of
service lime ix cormoxive damage: of the OF rceways.

= A further feature espacially of the OF-LB racewiys ts the
missing or totally insdequately booed racewsy eurface,
Their cause 13 e grinding process. 1t is known from
lemnre that just ground urfeces show considerably Jowey
sarface llfe when compared with beoed swfaces. b, k. [5]
L0 times faster materials aging of ground compared to
hon=d surfaces 13 cepanted. It com be assumed that just
ground raceway aurfeces reducy: the maximum endurancs
ife by 50t 90 %,

Detaile of this lovestigation are given in tables 2 and 3 and
pichures 2.5 (see chapier 5. Tuhlex and Fictorial)

4. References,

[4] 13. da WH, “Aviior Moriior THU from the Flalo: Vieual
nspaction.”, ERC Report no. MLOZTS038.

[2] C. Grenbel / R. Kohl, “Dezerminaiion of Condition and
uppegrance of prease samples from BTH-O0TL.7,

Teat Repart Mo, CASE/D2.

[3] STWHNIYTHVDrOe/De, " Inupection report No 28IA02°

[4] STWI/DrOe/M/DODe, "Untersuchungsbefund br.
306/02"

ES] M. Taushima, “Chorges @ X-rzy Parameiers with
Loasiing Cyclzs in Rolling Contact in Viriows Through-
Hordened Steeix”, NTH conbribution ASLE transachon,
May 1987,
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CONFIDENTHIAL REPORT

Report NLO2TS11
& Tubles and Pictorial
ORB: . PO F155/42 . P2L702
N THU I3 THU 1} THU 12 THI 3 THU 4 THU THU 7
No. 696 "Claim™ 9-1495 036073 E1755399 E1803274 007
DOrigiz Wal-Mat | Wal-Mant | Wak-Man Ryder Freigitliner | uskpown | unkeown
Miles 400811 unknown 433,912 107,854 Z228.881 unknown 254.250
Ground (oot vex (hath yes (hoth ved (hoth yes [both yea (hoth yea (both yes (Bath
overrolled rceway TRCAWAY raseway RGOy raceway ends | eacowsy raceway
TaCEWAY ends) exds) ereds) | ends) fmely ends) endz Fnely
endi) gy ground)
| Hooed na b oo T e ne ng
R, [pm], rim 0.73 . nat ot 0.56 not measured 0,52 0.50
messured measored
Mzchining stoothed, smoothed, smoothed, heavily slightly partly clearly
Structures vinthle viaible visible smoothied, viyiltde, viable, vigible
wisible parthy beavily smoothed,
visibie polishing
wear
Corrasion yea {esp. ves {slight} yes yes (alight) yea yes Y&
wilhim (e lum) {medine}
grinding
marks)
Clhatter noi visible not visible oot visible ye§ yem wat {slight) YEE
MiArkA
Spalting 2. axlal, 2, axial, yes (many) 2. axial, 2 micro-jdts 1, axial; 1, axial;
rpller relket roller in roblet sevonil line=-shaped
diglanee dislence; distence distancs bands with | bands with
saveral miero-pits OncTo-pits
micro-plis
Fable 2: Obpervotions on inboard ooker ring raceways
SKF 001212
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CONFIDENTIAL REPORT

Report NLO2T911
P23201 PLSBAG _PaaTAR
OR-OB THI7 I3 THLU 1) THU 12 THU 3 THU 4 THu ! THI 7
Mt. 35-06 "Claim" 3= 1495 [k E1755899 ELB)3274 2047
Origin Wal-Marl | Wal-Mant | Waul-Man Ryder Freightiner imknown anknown
Miles 400.811 mlnown 433,912 F1.R54 Z28.863 Lkirran 254.250)
Growmd (ot yes(both | yes{both | yes (both yea (both yes (both yei {both e
overrolled racsway TECEWRY TRCEWaY tacewey Caciway raceway TACHWy
ends) enuls) ends ends finely endz) ends finely endi)
Anely graund’ ground)
ground)
Hened ne ™ o ves (both oo oo e
rima)
R, [pm]. im (-2 | ot mol a.13...037 abt 0,4%...050 021
measured | messured | meatured meEa T
Machining dfferently | polishing clearty partly weak pantdy clearly
strocures visible | smecthed, wear, visible, vigsble, ripples, vizihle, visibie
vigible partly slightly pertly hezvy polishing
visible emnothed polighed polisking WeRr
wedr,
slightly
_ viaible
Cormrosion yes yes yes yeb yes (b=avy) | yes (heavy) | only vory
{heavy) (benvy} | {mediom) | (medium) slight
Chalter marks alight slight glight ertremely no yeg an
i
Spalling ine- o no :E:u no na on
shaped
ImicTo-pits
Table 3: Observations cn outbosrd quber rog racevays

Picture 2: SEM picrure of ground only mboard outer ring raceway of THU No |

& 5XF Enginoering & Aesvarch Coutre B.Y,
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CCNFIDENTIAL REPORT

Rapeort NLO2T914

Picrre 5: Cherrolled grinding stroctume (detsil of pictrre 2)

Ficture 4: Overmolled cormpsion pittings (nboard outer ring raceway THLU 4)

SKF m‘l."n'.‘l‘
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CONFIDENTIAL REPORT
Report NLO2T911

Pleture §: Circular damage patiern {inbeard inner ring raceway THU 4) similar to corrent fow damage

SKF 001215
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Dﬁ;ﬁu;g? u}m ARMSKF mesting Now 21 2002 - Apeiay 99 lssues
. ; Elhgnqr:

11!21511'% fa

-

.-.I:

Tor all:

Bab Bondy aned | med with Dala Bell (Englnsaring), Chuek Smith [Quality), Tom Sanke (Marketing), and
Kim Lang (Purchasing) at 2 p.m. on Thursday, Novambar 21 1o ciscuss tha poory honad outer ring
raceways from March/April 1939,

The overall rapction was positive - the matarizal from 1he Investigation weas logical and ssemsd o maka
sanga. The presentallon mataidal |s attached and ort the ARM Notes databage.

The loliowing wera the major polnis made and the mejor action itemsa:
A high number af the ratumed parts had OR apals and badly hored raceways an ihe outar fngs.
Thare wera 8113 unita produced on the days In question in Aprdl and May.

We don't fully understand the root cause for poor honing yet - there ara saveral potential Bsues from this
tima frame. Wa asked for another 2 weaks to fully Inveatigate this issua.

Wo have very limitad ciata on the outer ring through Auguat of 1959
We were unable to find any data on racoway surfaca finlsh traces and have only MEF iraces (for
form) which give an indication of surface finish.
We have records of MEF traces approximataly once or twice a weelt
MEF fraces indicate a problem From April (steer api-up) to Mid - May 1939
Fallure mods ka gimilar to all others.
50,000 mile inapection imerval is sufflcient to pick out fallures.
We recommencded continulng o look at specific high failura dales to identify all root causes,
We have 2 units with unhoned outer ringe on test {which have aince failed st 230 hra}.
ARM comments and quastions;

ARM ia looking to SKF to prove that the tailure progressicon is the aame &s other failura mudn.'a by ﬁg tost
if posaible 7}

Chuck Smith asked for infeemation on an BD format - Due Nov. 25th. {(Glaes end Juargen - nesd your
feadback from tha drafta | have sumitied}.

Dale Ball asked what the material removal was from the honing cperation {Alken pleasse adviza).

Why Is the vibration of a8 complete unit (IR and CR) checked on the ar lines but not the truck line (IR only)
?

Is the operasor ai the axial ciearanca rebuid siatlon tralnad to ook for honing/grinding issues ?

gKF 001218




Has honing or grinding is2ues ever bean found at the axkal clearance re-work stetion 7 (It was
nan-functional during this tme pariod).

How doag the control plan for Alken differ from: Luchow for the OR 2

Cn a somawhat separate 1ssua:

Date Bell Informad ua that thair unit on test at Basch has shown a sudden increase In endplay (at 140,000
miles}- from 0.016" t0 0.032" In 1000 milas. This may mean that tha end of Iife is more sudden than we
have previcusly beliovad. Dua to the mixad data, hay have asked for our atatus cn Phasae 2 of the SWRI
tagting - we are currently walling on the purchase order approval. Wa nead approvil to get starad.
Regards,

Mika

Apil May 1988 rev2.pp
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Peak Warranty Periods

April/May 1999
Investigation Results
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Failure Rate by Day s gz

5/3/1939 583 3:
21972001 177
. . 220001 208 g
P Chart Proportion Clai an0itons w2
Against Hub Production " LI
2421/2001 238 5
006 — / w7999 525 10
5/5/1999 923 7
u / gom =
0.05 _| af14/{988 39 5
aatass &4 1
! e S
0.04 — 7
c s.ﬂ:z: o
o 9008 150 2
£ 003 — i bt ar 's
CL A7 r eos a7 4
1224/ 090 59 4
De_ 0.02 — 1| 9e8 409 14
' UCL=0.02243
0.01 —
000 7 | = 2% Mean

[ | | | | [ | Claims/Prod

Subgroup O 100 200 300 400 500 600
Adun Pr 11201880 shafteea 1@1” 500 -#m1_ 1@2!:!1
SKF 001219



18 Units Inspected
110 — April 20 (9 parts)
111 — April 21 (3 parts)
112 - April 22
123 — May 3
124 — May 4
126 — May 6
127 — May 7
132 — May 12
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Findings
* One unit failed due to an inboard seal failure

e One unit was NTF (5/3/99 part)

e Seven units were too advanced to determine
root cause

e Remaining 9 units show common issue:
— Outer ring spalling

*» Most inboard, some outboard
— OR raceway appearance

SKF 001221



Unusual Pattern in Outer Ring Raceway
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Significant Events.

Very limited outer ring data for Jan — July 1999.
No surface finish data found.

MEEF data indicates poorly honed raceways both
inboard and outboard.

On May 14 th issue with honing stone sensor
corrected.

June 1999 honing counter added to replace above
Sensor. |

SIKF 001224



APRIL 20™ - MAY 28T 1999
OUTER RING MEASUREMENT RESULTS

DATE INBOARD RACEWAY  OUTBQARD RACEWAY
Al“'ﬂ 2t O Mot DK
April 21"

April 22™

April 23+

April 250

April 26"

.!lpl'il 2-':;& Mot QK Nod OK
April 28%

April 29T

April 30

May 1#

May 2

May ¥4

ME]F 1] .

May 5% Nat DK OK
May 6%

May 7

May 8™

May 95

May 10™

Mny 112 Noi OK Ox
May 122

May 13 oK oF
May 14™

May 15"

May 16®

My 155 B oorez
m; 1911: oK oK




Future activities

* RQ test un-honed OR parts (underway)

* Sort returns by day or time period
— Focus on start up, other peak days

— Continue confirmation of root cause of Feb
2001 returns (seal 1ssues)

— Sort for defective honing pattern in returns
~ (confirmation of corrective actions and time
periods affected)

SKF 001226



What to do with the parts in the
- field ?

— The observed defects would lead to a reduction
in fatigue life.

— The failure progression/rate of deterioration
“will be the same as that observed on road and
track tests conducted on returned parts.

— The program of 50,000 mile inspection
intervals 1s sufficient to permit timely detection
of any possible premature hub unit failure that
might be caused by improper honing.

SKF 001227



inspeciion of "Paak Dats” Truck Hub Unky

The attachad document is a draft repor abeut the findings on A total of 10 parts from the “peak paricd” batwsan
Ao, 20 and Moy, 07 1548,

W

8102121 6. doc
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DI__EL’ [@I F Trucks Business Unit - Product Design Report

Report. No.: ST02 T 218 Updated: 11.03.03 Total Pages: 1 Page # 1
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I% EV'SF Trucks Business Unit - Product Design Report
Report. No.: STO2T 218 Updated: [1.03.03 Total Pages: 3 Page # 3
Purpose of the Inspection

SKF THUZ are expetbucing an wmacceptsble ievel of bearing darmages in Mosthern America. Evalugtion of recondings

of the aperation time ("Montha in Service") reveals a distinct peak with an accelevared damage rute of products
mamafaciured between Apeil 20, 1999 and May 6, 1999,

SKF personal was able to collect a botal of |§ parts prodoced in end sreumd meationed thme Eraine. This repart covers
the visual inspection of 10 of these parts, which have becn sent to Schweinfun for detriled imvestigation.

Findings of Yisual Inspection

Hereuadec are listed the fiddings 2nd conclusions of the visual inspection performed ic the Schweinfar test Inboratory.
T-:}ldmﬁt‘ymdividmlhurh:p.theﬁndlngsm:umnuﬂﬂmdnhmpecﬁwdaimmmhu.mnmmiqdm:
cade {e.g. 11199 seands for the i11. dey of 1999, Le. Aprl 21, 1999) and mileage (were given).

E1B03274 12609 7T milea

The inboard outer ring raceway shaws two spails. Bath outer ring taceways shaw patterny simdlar to those expected in

the prescuce of grinding defects. The fmner ring raceways are dented from overrollad partictes. The inboscd fmmer cng
bore shows heavy corrosion. Comrosion and knuckle witress marks are visible on ths inboard e ring largs sida face.

Picture 1: Clrinding defact patiern on catboard outer ring racewiy

E1580338 12799 354150 miles

Inboard cuber ring racewny shows three Jargs and several smaller spalls in roller distance. All working contact surfaces
are coversd with a reddish Inver indieating corrotion. The raceways of inner and cnter rings shorw sigos of sbrasive
wear, there are howsver nmitiple axiat lines visible indicating contact corrmion during standaill. The inboard aeal Lips
arc besvily wora, the sesl conpterface i hervily corroded over abai 0P,

1036033 13299 707,354 milen

The: intwoard onter ring raceway exhibitx two apalls. Signs of grinding defiacts ere visibla. All other rRcewnys Appear
cnty damsged by ovemolled particles. The jopez ring bares show corrosion. Witness marks of the kouckle and corosion
arc presant ou the Large alde face of the inboard ifner ring.

E175539% 12499 22R.863 miles

The inbxard ouler ring racewsy hes a vingle amalt spalt Sigas of grinding defects are visible. The inner ring bares are
coroded, the Largs cikie Tace of the inboard ring Lt elso cormoded, wimess ks of the iomckle ams visible.
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EI [@ F Trucks Business Unit - Product Besign Report

Report. No.: STO2 T 218 Updated: 11.03.03 Total Pages: 5 Page # 5
Summary

A total of 10 returned bearings have been inspected. All of thoss bearings had beoo identified o be manufactured
during 3 tme period with slevated warramty claim rates.

Claim ounber 0121351 is classiflad k> be invalid, no damage whetsoever has been found on the cing and moller
racewnys. Cleim number E1300038 has been clessified to ke cansed Ty an ioboard aesl damage. Mo fusther
investigation is performed on those two bearings.

On clrim numbers E174 1080 and 2169 the damage progression is (ound to e sdvameed such, thar no reasomnable mot
anatywis of the root cane of the failure mode ix possible.

ATl other caimed bearlngs are exhibiting pattzrne an expected from gringng defects, Upan Farther lnvestigation, this
asumption could aot be proven. There is, however, evidence of » poor or evea completely missing honing operalion of
the outer cing racewnys. K is mown from hieranre (V. Tsnshima, "Changes in X-Eay Pammeters with Loading Cycles
n Rolting Contact 1o Various Throngh-Hanleoed Steels, NTN contribution ASLE Irsmsction, May 1987) thet 2 10
tipyes faster matezial apeing of ground surfaces compacsd 1o honed surfaces can be expected. Thas an reduction of
begring B up 1o 90% may be maumed.

On almoat all inspected prrts 4 poteatipl water leak path through the joint berwesn fmmes ring and knuckle and aloog the
spindle it found. Sbmilar findings have been reported alrcedy bn STUIT204

It has to be noked, that thees bned machining dafacts were observed now the Bt e dorog all iospeetioas in
comjunction with Arvinhberitor's cisime. Based om the amommi of obterved grinding danwsges, il may be sssumned that
the hard machining processes of outer ring raceways hag had am istue during the critlcal tme period in April/May of
1999,
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Fraightlinar Vigit Aspori on 11 Nov D2

Information

$ Thomea.Sanks @ ArvinMeritor-com an 117142002 4-21:35 EM
K )

Tor Dale.Ball@ ArvinMeritor.com, Gharles.Smith @ ArinMsritor.com. Bradley, Amaki ArvinMaritar com,
robart].bancly @ akf.com, wikiam |.famel @ akl.com, Michaal.D.Lewis @ akl.oom,
Thiwnas.Rogem & ArdrMeritar.com, Ken. Samachi@Arvinierttor.com

cc: Peter.Donnally & ArvinMaritor.com

Subjeqgt: Minutes fram Fraightinar 11-11-02 meating

11-11-02 masting.toc
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Freightliner/ARM/SKF Unitized Hub Meeting
Portland, Or. 11-11-02

Attendees:

Steve Payne Chuck Smith Bill Famell
Tim Blubaugh Brad Amold Mike Lewis
Tony Mpore Tom Sanko

Carlos Billingsly Dale Bell

Steve Ellizon Ken Santschi

Ftoyd Frick Tom Rogers

Terry Watkins

Dale Rodabangh

Dan Fuchsa

Lauren Keplinger

Chuck Smith preserted the material developed from the field investigations through
phase | and phase 2.

The meeting was opened to questions and discussion regarding the date.

Comment; Tony Moore—asked for the rework details for the axjal clearance gage.
Action: Mike Lewis to provide details to Dale Bell for transmittal to Tony

Comment; Dan Fuchs—what warranty is offered by other OEMa on FF98X7?
Action: Tom Sanke to determine and provide to Dan.

Comment: Tim Blubaugh—why do we think another meiling will be any more effective
than the firat?

Response: First, we believe the issue is imporant enough to warrant the expense of
enother mailing. Secondly, we expect to improve upon the effectiveness by using
personal visits fromn our DSMs to deliver the materials to the top 100 flects and dealers.
Action: Tom Sanko to procced with the mailing as planned.

Comument: Dan Puchs—uwe must be sure to get 16 every owner.
Action: Our mailing will be to the customer lists provided by sach OEM,

Comment: Tim Blubaugh—is the 50k inspection intervat sufficient or should it be
shorter?

Response:—Dale Bell reiterated that the test track unit has accunmilated 75,000 additional
miles since initial detection by an unbiased technician nsing TP-0251. At 30k mileage
intervals, one additional inspection would have been performed where the indication of a
distressed hub would be even more apparent.

Action:~none

Comment: Tony Moore—questioned the detection time available ta the driver from
onset to significant event.

Response; Dalc Bell—iest track evaluation has demonatrated the hub has the capability
to ascumulate a mrinimum of 75,000 additional miles from initial detection,

Action: none
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Comment: Tony Moore—we have sent TP-0251 out already, why are we continuing to
have probleme?

Response: Dale Bell-—any new technology requires some level of training. Our field
investigation has revealed a wide range of maintenance practices among shops.
Actlon; none

Comment: Tim Blubaugh—this meeting is no different than previous meetings since
March 02, .. .inspect, inspect, ingpect, with no definitive alternative and, in Preightliner's
opinion, na sceeptable salution proposed.

Response: Chuck Smith—the ultimate ‘end of life' situation is no different from the
current situation. If the ‘end of life’ of the hub docs not exceed that of the truck, the hub
will fail and may result in a highly progressed incident. Repolar properly performed
ingpection is the only current method available to prevent such failures.

Action: nons

Commeni: Tim Blubangh—what conclusions have we drawn fram our field data?
Respense: Chuck Smith—a definitive root canse is still to be identified by SKF.
Mike Lewis—SKF is currently finalizing some recant findings as a result of trip
by Mike to Germany. A few weeks are required to complete the analysis.
Brad Arnold—we need an additional (60) days to further evaluate (3) suspect
production time periods and determine if action beyond inspection is werranted.
Actdon: Tom Sanko to establish a follow up meeting for mid Jan,

Comment: Tim Blubaugh—a ‘known defect’ must be recalled from the population,
eapecially if a serious problem can occur.

Response: Brad Amold—there have onily been (58) total significant events from a
population of 400,000 hubs,

Actien: none

Comment: Freightliner wantz an electronic tool kit sent to their Utah facility.
Action: Tom Sanko to arrange for the delivery of (1) kit and and training of wechnicians.

Comment: Tony Moore—how are we ever going to go back to 200,000 mile
inspections?
Responsze: Dale Ball—we may sngpest & time period where trucks of a given boild date
can uzge 200,000 mile inspections whereas crucks prior to that date would retain the
50,000 mile inspectiona.

Carlos Billingsly—that would be very imnpractical for flests with mlmd vintages.

Comment: Tim Blubaugh—regarding the driver wamning label, why not replace all of the
driver wamings with —-this truck is equipped with umtized wheel ends that should be
inspected per TP-0251 every 50,000 miles. ’
Response: Tom Sanko—the purpose of the warmning is to make the driver aware of
conditions indicative of a developing highly progressed incident. To tell the driver to
inspect the hubs is not appropriate if his sole respongibility is to drive the truck.

Brad Armald—this iz 8 good comment and we will congider it.
Action: Tim Blubaugh to circulate the pmposcd wording within Freightliner for
comments, and to respond to Sanko.
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Comment: Dan Fuchs—are we going to cover service centers with our meiling or just
fleets?

Respanse; Tom Sanko—Truck Stops of America, PETRO Truck Stops and possibly
others will receive the mailing,

Dan Fuchs—if Freiphtliner does the mailing, the Preightliner Select Trck
Centers for used truck sales wili receive the mailing. If we mail, Freightliner will have to
provide the mailing address information.

Actlon: Tom Sanko to coordinate the mailing of the titerature.

Comment: Tony Moore—does Ryder have a different failure rate by OEM on those that
we ingpected? '

Response: Dale Bell-—Ryder calculated that and provided it to us.

Actlon: Tom Sanko—submit inforznation to Tony Moore.

Comment: Tim Blubaugh—we should continue to hold conference calis every Friday
beginning with this Friday.

Responge: Dale Bell—we will only have the test track datz to share this Friday.
Action; Dale Bell and Tom Sanko will initiate the Friday conference calls on 11/22.

Tom Sanko
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ARM NHTSA maating 230CTDR

PLB
: ' 4 Roben.J Bondy
: . 10/26/2002 02:38 FM
To: Richard W Freft ELG/SKF @ SKF, Tam Johnetone/GHO/GOT/SKF @ SKF, WIRam J FarreVELQ/SKE,
Beund Stephan'BCH/SKF @ SKF
ac: Michasl D Lewk/DET/SKF @ SKF, Bruce Weeka/AMER/SKF @ SKF, Achim MuellsyBCHISKF @ 8KF. Amo

Slubenreuch/'SCH/SKF B SKF, Edward F Catta AMER/SKF 8 KF, Chistepher Jonea/AMER/SKF & SKF,
lass Rehmberg/GHOYGOT/SKF S BKF
Subject; NHTSA Dabriel with Chuck Smith

This will aigo be on tha ARM database.

NHT3A Attendess 4 paophe:

Tom Bowman; Dick Boyd; NHTSA lagal council - Loyd?; NHTSA Egihaer previcualy from Peterbuilt,
Namea of NHTSA legal countil and the NHT2A engineer are forthcoming

Nate that Tom Bowman werked for ARM aa product safoty speclaiist

ARM Attendegs:

Jack Rica - Former NHTSA legal council, Peter Donnelly, ARM legal Councll, Chuck Smith, Diractor of
Quality.

The meeting lasted Jor 2 hours instend of the originally achadulad 1 hour

®  NHTSA slosad the meeling by stafing” You have brought a significant event to our attentlon.”
and that thiz shvation would require more thought and analyak

o NHTSA askod ARM K they needed any help getting resolution from SKF. ARM stated thet as a
supplier to tham, SKF was their rasponaibility.

¢ ARM also maentioned that It was their decision to make thie pressntation wikhout SKF.

Genaral

e Thay presenied the presentation that we reviewed with scrme of the revisions we requasatad

* They meniioned that Gaman (Eeuchwsw) production meat expaciations - spaciiically losa than 1 % of
the parts falled befors 750,000 milas.

= Aikan production { Firestone Is riso kocated in Aiken) has a higher failure rate atiributad to tha
following several process Issues:
1. Monsonfaxial clearance
2. Unhargoned racewayn
3. SKF Frocess igsues '

*  Chuck menticned that SiF has too much process varation in Aiken, however, it is under better control
today,

Product lssuaa: |
*  Flests that uae Inspection procedures (TP-0251} are not having progressad Incidants. Those that do )
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not ingpect tha units have iasues.

NHTSA recognizee that there is an lssue with and of ifa with this product.

NHTSA mentioned that while they understand that the product is wamanted for 753,000 miles ARM is
rasponsiale for the safe periormance of the product through ita Metima,  This iad o the quasation what
do you do when & fruck has besn 9old to a thind ocwner and it has 1.3 milllon miles? At what point In
tima with this product do you get more aggressive with inspection andfor raplacsmant. [ARM would
like SKF's rasponae to thia queation)

When NHTSA asked ARM if this is a future trend {unitized whasl ends), ARM responded by saying
kased on market acceptance, they believed this product wilt oroate a technology shift.

OEM - lasuesg

NMHTSA asked If there are any abnomal customer distrbutions - fallure ratas,  Chuck Smith imormmed
tharn that Freightlinar had a rate of *Highly Progresaed Incidents® that is significantly higher than othar
OEM's. Chuck was to dabrief Tim Blubaugh of Fraightliner today.

Follow-up

Mo new maetings are achaduied with NHTSA, howaver, thoy have askad Chuck for the foflowing
information:

1. Alist of Whee! offg and firae :

2 Customer Sales, VINa and MIS return information

Chuck's general commants:

1. ARM Ia still awsiting root causa(s) and correclive actions. They are unhappy with our progress in
the iast 8 weaks,

2. Nead the cause and comrective action to convince themaslves and Fraightiner that the probiem has
been permanantly aliminated (halpful In daaling with NHTSA as well). Today, ARM does not fesl that
they can go to the original 200,000 mile hspection intervals {reguived for the acceptability of the
product in the market) untll the root cavses are addreseed.

3. Chuck hae now vished "our competilors who make simiar products® and atated thet he Is not
Impreassd with elther Aken'a squipmeant or procesaes,.

4. Chuck suppons a targeted flald action on high ihaidant production dates {Arad Arnold doss not
supporl thia - Brad bellevas that inspection procadures shoutd be enpugh to contain any safety
Concerns.)

5. AAM haa several parts thet they are collecting to have "hird party analysiz® {retirad Timken penple}
done gn them - they intend to heve full dimansional layouts, ate.

6. Brad has asked his group If they think they should demand that their products be producad In
Luachow (since Luechow makeg bettsr product than Alken].

NHTHA.pp
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Agenda

* Introductions

* Product Background

* Product Description

* Product Performance History Summary
* Initial Problem Investigation

* Truck Hub Unit End of Life Description
» Initial Problem Investigation (continued)
* Initial Problem Investigation Resulis

* Field Investigation, Phase 1

» FElectronic Inspection Device In Use

* Field Investigation, Phase 2

* Next Steps

 THU Predictive Inspection Kit
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Product Background

¢ History

» Industry Wheel End (THU) Experience (“The Great Wheel Bearing Debate,”
Commercial Carrier Journal, 2/97, Pg. 49, Paragraph 1) — per NTSB, 750 to
1050 standard wheel end separations per year.

+ Unitized wheel ends (THU) successfully in use in Europe since late 1980's
* Design Criteria
‘= Objectives
* Robust fastening design

* Sealed, no maintenance, periodic inspection only
+ Warranted for 750,000 miles

* Application — 12 t0 13.2K Line-haul
* Product Introduction
« 1996
* Truck Hub Unit produced in Germany, 1996 to beginning of 1999
= Campaign for flangs fracture, all of 1996 vintage replaced
+  Whee! saver campaign (improper field application)

1242
« Transition to US based production during 1998 SKF 0
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Product Description

Hub Sub-System

Cnnsl.sts of:

* Bearing Geometry
* Sealed for Life

* Long Life Grease

* No Maintenance,
Perlodic inspectlon only

wmm
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Product Description (contilztued)

* Robust Fastening System (objective — keep wheel on
truck)
¢ Large inner “D” Washer and Nut
* Lock Washer and Outer Nut

 Tamper ldentification

* Warning Label (proper torque, toll-free number for maintenance
information, etc.) -

* Product designed to operate in preload
* New logic as compared to standard wheel end

e Sealed Hub Cap
* Inspection Instructions
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Fastening and Tamper ID féysteﬁhﬁ'_lr #
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Warning Label - Maintenance
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Product Performance History Summary

Germany production has met expectations
Product well received in the industry

United States production issue surfaced during 2000.
* Problem appeared discrete and contained

Additional issue surfaced at end 2001
« Again, problem appeared discrete and contained

* As a contingency, design investigations and confirmations were
undertaken. No significant issues found, only technology upgrade
| opportunities.
By Spring 2002, it was apparent that an umdentlfled issue was in
progress
» Field issues inciuded:
* Product early wear out
* Near wheel offs
¢ Wheel offs S o ,
* Thermal events SKF 001247
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Initial Problem Investigation

N, .
N
- - -

. i e

» Categorization of problem
* Retrieve all distressed hubs through warranty system
* Majority of hubs analyzed for failure reason
+ Symptems noted (representative list)
» QOil separation from grease
 insufficient preload
» Water ingress
* Many root cause theories for the early wear out postulated
* |Inboard seal performance
* Bearing manufacturing variation
* Oil separation from grease
* Numerous others

* Questions whether wheel offs and thermal events were
unpredictable, instantaneous events or were avoidable

SKF 001248
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Truck Hub Unit End of Life Description

* Path One: Follow recornmended Inspection Criteria
* Vehicle preventive maintenance cycle occurs
= Truck front end placed on jack stands
« End play check — if above 0.006", replace Truck Hub Unit
* Tire rotation check for noise — if vibration or noise is detected, replace Truck Hub Unit

~ = Path Two: Do Not Inspect
= Bearing distress progresses towards failure
* Internal distress causes heat generation — Vibration during braking and turning
* Wear progression causes increased wheel end play and activation of ABS fault signal
* Grease and seal failure — Vibration, noise and smoke (Driver halts vehicle or continues)

* Rollers eject; steering wheel pull, vibration, noise and horsepower incraase required (Driver
halts vehicle or continues)

* Brake linings become “bearing” system — above signs + brake smell (Driver halts vehicle or
continues)

* Heat generation; visible distress signs of smoke and sparks (up to 1600 degrees F)
» Driver stops - possible fire, or driver continues
* Fastening system plastically defonms; wheel off, driver stops vehicle

SKF D01249 10
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Initial Problem Investlgatlon (contmued)

* Actions |
* Manufacturing invastigation
* Axle assembly processes and practices
* Bearing and wheel end assembly processes and practices
» Test track test to failure studies initiated

* Clarity of recommended inspection process improved

* Field communications to OEM’s, Fleets, Owner-Operators
* Manufacturing issue
* Introduction to TP-0251
* Issuance of TP-0298

SKF 001250 11
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initial Problem Investlgatlon Results

* Axle Assembly
* Minor process changes and modifications incorporated
“e * Hub end-play containment instituted
+ Bearing and Truck Hub Unit manufacture and assembly
* |ssues leading to eary wear-out identified
» Corrections, both permanent and temporary, instituted
* End of line containment for effectiveness confirmation instituted
* Test Track Test to Failure Status
» Highly accelerated test completed; warning signals present
« First full test just completed, final report and conclusions due 10/28/02
+ Praliminary indications are that waming signals are present
.»  Second and third test still in progress
= |ssuance of detailed, clear and field-tested lnspectlun method {TP-0251)
* Progressive events reduced but not eliminated

* Field communications to OEM's, Fleets, and Owner-Operators regarding inspection
importance and method, as per above.

« ARM/SKF jointly developed electronic bearing failure detection device

» [nitial investigation did not answer why progressive evenis were occurring, as
detection of emerging bearing issue is detectable with TP-0251 inspection method

12
SKCF 001251




ArvinMeritor | |1 FF-981 #K# THU Fleid lnwesdgnuun Review

4 ;Y 23-0ct02
" H:" __r' \‘I

.. N ., - o )
""""_“-"._-._-,r‘-"‘ ' -\l“'\'t_l-._._-‘___f'-' ““""\‘1 _.-""'-F-""

Field Investigation, Phase 1

* Field Investigation Structured, with following cbjectives:
*» Characterize field population with statistically valid sample
* Validate effectiveness of TP-0251
* Verify and validate electronic detection tool and method; choose best option
-» Find answer to why progressive events were still occurmring
* One fleet with multiple locations (7} and in service dates chosen (1997 to 2001).

» Results
» - Electronic detection method chosen and validated; hurdle value established

* Effectiveness of TP-0251 confirmed (however not as sensitive as the
electronics)

* Field population characterization confirmed TP-0251, but results indicated that
the special cause of progressive events was not uncovered.

* Phase 1 completed on 366 trucks at one fleet, with results suggesting that
inspaction practices needed to be investigated. Consequently, Phase 2
investigation was conducted at other fleets.

SKF Q01252 13
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Electromc Inspectlon Device in Use

14
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Field Investigation, Phase 2

* Phase 2 investigation structure (scope)
* Final test of electronics threshold and use instructions
* Evaluate multiple maintenance and inspection practices (5 locations) — BOB's,
average, WOW'’s (Shainin Statistical Problem Solving Terminology) |
* Specifically target locations with continuing progressive events (definition of
WOw) B
« Resulis
* Those fleets and dealerships that practice TP-0251 do not have significant

avents -
* No electronic device readings higher than 4.70, which is marginally detectable with TP-

0251
* On-site observation uncovered tools, knowledge and documentation compliance

* Lack of progressive avenis after issuance of TP<0251
* Those fleets/dealerships that do not practice TP-0251 have progressive events
* Numerous slectronic device readings above 11, which is highly detectable with TP-

0251
* On-site observation found lack of tools, knowledge and documentation

» Concentration of progressive events after issuance of TP-0251

SKF. 001254 15
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Next Steps

* Final refinement of TP-0251
¢ {ssuance of new Technical Publication for use with electronic detection
device for those users that wish to use a predictive inspection tool
* Electronic detection kit availability
* Communications: (May or may not include training)
« QEM's
* Flesls
s Drivers
» Dealerships {if OEM desires)
"~ »  Owner-operators
 Maintenance groups {OEM dealerships, flests, independents)
* Publications
« TMC

* ArvinMeritor/SKF District Service Managers

* Comrmon purpose is to elevate the awareness of the importance of inspection
requirements and methods for end of life determination for this product

SKF 001255
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THU Predictive Inspectlon Kit
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Roports Already Given to AAM as of 22 Oct 2002

I‘nl‘ommlm

Brucs Waols
10/22/2002 02:24 PM
To: Amp StubanrauctySCHISKF & SKF, Achim Mueler/SCH/SKF @ 3KF, Michaol D Lowla/DET/BKF @ SXF,
Roben J BondyDET/SKF & SKF

oe:
Subject:  ACTION: List of THU Database Documents Already Givan to ARM

Gentlemen,
Here |2 a list of documanta | em already sure ARM has besn given.

Already given to Chuck Smith at ARM oh D7/25/02 [detailed on ARM databsss undar the haading "Reparts
handed aut ¥ Chuck Smith":

O7/25/02 Inner ring herdngss (incamirg inspection) {Justgan Schulthais)

(742502 Intemal geomatry - Allen 98 - 2002 (Juergan Schulihala)

07/25/02 Gaga AAR for pxial clearance 1990-2002 (Juerjen Schulthels)

07/25/02 Manson axlal clearanca rapor (Jusrgen Schulthels)

O7f25/02 Mizaing Marking 7D

07/25/02 Inboard A-Safa Seal cleaning aof atock in Aliken (due 10 2eal defect discover) (Jusrgen Schuithals)
07/25/02 THU Process Layowur (Juergen Schulthels)

0725102 MPR 100% Summary (Juargen Schulthels}

07/25/02 Progedure for chacking dlamond Roils {Juetgan Schulthels)

D7r25/02 Component Treceablity Syatem (Implemented 01 Aug 02) (Juergen Schultheis)
O7/22/02 Apex point for THU appilcation {tuergen Schultheis}

o7r22/02 Axial Clearance Procedurens (Juergen Schulthais)

Already given to Dale Bell {& Chuck Smith?) at ARM on 01 Aug 2002;

Schweinfurt 168/02 Quter rihg spalling

ERC NLO2TB03e Genaral Visual Chasrvations

ERC STO02T208 Visual Inspection

ERC NLO2MS(da X-Ray Difraction Analyeia

ERC NLOZMBCZ Analysia of Rernaning Greaco

ERC NLO2M803a SEM Evaluation

ERC MLO2MB03e Suppimem - Bora Cerrogion Products Analysie

ERG ML{2M8THUe Summary of Findinge

Schweinfurt STO2T210 Becoway Gualifeation Tosts (water in baaringa)
. Schweinfurt STO2T205 Alr Leak Tests {aluminum hubgcap & spindle)

NATC (no number) deted 08 Aug 2002 (dedivered later) Air Leak Teat {plastic hubcap & oversize threads)

E-maii from Achim Musller concerning "Jat Cleaning of THU®

BKF 001267




Orpheus calkculations on spindla deflection by A.R.J. Hélnhga and G.J.Cop
Already given to Dale Bell & Chuck Smith on 12-13 Aug 2002:
Sohwainturt §T02T207 Non-Rotation During Assembly

Schweinfurt STO2T219 Stud Replacament by Hammaring Out Studs
Schweinfurt STO2T209 Raceway Quailfication Test of Damaged Raceways
Sehweinfurt STO2T212 Stailc Water Splagh Tests

Schwalinfurt Exaecutive Summary about ARM-THL-ncidents A. Stubanrauch

If enyone iz awara of other repons that have baen given to ARM, plaase post a Fesponss.
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Updated MIS Chart from ARM

Pmjects, Slatistica

MEBY 1100 sepD2 data.d
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FF38X Hub Werranty Performance - Claims Thru September 2002
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Primw Bum-Up Photo's

Intormation

Whai: Truck fire that could be reigted 12 the bearing
When: approx - Sept 16 - 21
Who: Owner Opserator (GO) vehicle working for Pime

Charlax Smith & ArvinMaritor.com an 00/23/2002 05:41:45 AM

Tor Aobet... Bendy 3 zkl.com
L+ b
Subject  FW': Prime Hub Fire

A8 you regquasted,

E S el Original Maszage=--—-

= From: Rogenthal, Aobert

> Bent: Wednepday, Ssptamber 18, 2002 10:56 PM
= To; Sanke, Thomaa: Ball, Dale

» o Medaly, Joeeph; Pan, J; Smith, Charles

> Subfesk: Prime Hub Firge

-

* Atbachad are photos of recent fire.

> We newd bo determine a way ta reach the 0.0.

]

* ==gide view.JPGx»> <<Pront view JES*>> <<Hub Baaring.JBEG>»
E

= Rogey

-

TR E Ak ko AR AR R A E R AT AR N R TR AT ARk kAR A RN d vt b F d h ke A AR AR AL * oo
LEE L LR R NN E R L F PR

Any views, opinions or authorizationa contained in this amail are solely those
of the .

author and do oot necessarily regresent those of ArvinMeritar, Ine. If you are
nat

tamiliar with tha corporata autherity of the author, pleass obtain
cenfirmatlon in writing

vf the content cof this email prier to taking any action on the bazis of the
informatiom. If :

you are not rhe intendaed recipient, you ara hareby notified that any
disclesure, copying

or distribution of the informaclon enclosed is stricely prohibited.
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Antion Liat Aloan F08 « 2002

-‘..','!ualltz,r

Acton List Alken attahed Irom Action Dete Base of Automoiiva Division:

B
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Posxible numbars of units dellvered to AM with excosded ACL
values [diaphragm problam)

;Juulll'l_f

With the help of graphs we can clearly show that in Alken there were time pericds with daphragm
problema,

Esa axample:

Ciaphrapmpretiam e
We made calculationa for the diferant iime pericds in thet way.

Agsumption ia that during pericd of ime with diaphmgm problemn the ACL unit coul only mesaura low
values of ACL.

The high waiuea couid not be measured due to ar loss In'diaphragm.

Wa assume that quallty producad before diaphragm problem is the same as during period with diaphragm
problam,

Heaszon: ACL unit dellvered only good values, cperator has had no reascn ko make re-adjustments.

So we assume that the rate of units oulsida uppar spacification befors disphragm problem and perlod with
diaphragm prohlem is :

compareabls,

For the percd of imear belore diaphragm problsm wa Invasatigatad the had part st of 2 days halare and
after diaphragm probilem

and calculeted the number of units cwulside speciication and the ACL values as wek.

The parcentage rate of unks outsids spec and the ACL classes as weall we multiplied with the number of
produced bearings '
prod. during diaphragm problem.

Sa wa cama & the figures below attached n cakulation sheet.

ACL_invostigation_MWecdal 2.x
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Part
Axlal Clearince §-12-99

iy

LER

Axial Cloarance 4-29-99

kel
T4
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lsarmnce lmm

JS F 20.080R
Production .-.ﬂaHuJ smnaJ man Sum: mucl dmnmJ mmg Bum;: otal- |- o) . o JPTRduction
cate: mamber H
Manuf.parts:] B87 | 788 | 577 | 2007 | 100 | %6 | 617 756 | 2481 |100°%] 4438 | 100% [Manui_ perts:
|Good parts: 753 672 38 1744 ] 7e0 748 701 2200 3953 |Goad parts:
|Bad Sum: 84 121 58 293 ] ] 57 | 438 {Bad Sum:
Bad ACL: 3 8 18 28 1.40 1 2 8 B f03] 37 0.83 - |Bad ACL:
50-60 i 2 B 12 0.60 1 1 3 5 |D21] 17 038 50-80
80-T0 1 2 3 0.15 3 0.07 &0-70
70-80 1 1 4 8 0.30 i I ET 0.18 70-80
B80-80 1 1 0.05 i 1 |onDe] 2 0.05 BO-50
BO-1D0 i 1 0.05 1 1 |oo4f 2 0.05 B0-100
100-110 1 1 0.05 1 T |ooa| 2 0.05 100-110
110-120 110-120
120-130 — 120-130
120-140 ) 1 .06 1 0.02 130-140
140150 1 1 2 010 ] 0.06 140-150
150-160 D160 |
180-170 180-170
170-180 . 170-180
18018 1 1 005 1 0.02 1a80-180
Sum: 140 Sum: | 6.37 [Sum: 0.83

SKF m‘lﬂ"



[Axial Clearancs Investigstion 28.04.99 < 17.5.99

J.5 J MLGE.02

Soleation of worsl

Number of masdactisad units avaosgs nate of unita number of unhs Musnbar of units
{good parts anly) dizing outsine speaifioston | outside specficaion — miﬂ.# dua to wont
diaphrame problem period. [‘!‘-_1" F*ﬁﬂ_-ﬂ“ 17540 | soamm caba
[Wanuf, Tinte: : 088 ] ]
{25L ciossos: (vt _
E-Hg'g - 50-80 .38 2z 080 | U5 ]
3F-May (737 B0-70 007 [] 0.15 i__
4 May 768 7080 0.8 ] 030 | 0.4 17
5 May [ 80-90 0.05 i o005 | 004 3
&M 835 | 50-100 0.05 3 005 | 0.4 3
| 7-May (73 100-110 05 3 0.05 0.04 3
B-May o) 110-120 [
B-May 14 1gu-iﬁ [
T0May | 724 130-140 1.02 1 008 3
T T4 14-150 0.05 3 [ 6.10 3
_‘%“1 — 88 150-160 - 0
160-170 []
170-180 []
CJoul | SB% | 180-190 .02 1 0.5 3
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[Axdal Tlearance inveatigation 05.01.00 <> 15.01.00 5 7 31.08.02
Praduction BJ , "I J A . Total - Production
dete: 1M an 1nnm4 Sum: 4 Vi 17161 Sum number | Ol = % e
. parts:§ 707 Ta8 730 | 2176 | 100% | 799 78| 418 _| 1848 | 100%] 4124 | 100% _ parts:
|Good parts: | 50t 336 585 | 1622 857 576 | 555 | 1584 210 }Good perts:
IBad Sum: 206 202 145 EE3 138 162 83 261 4 Bad Sum:
fBad ACL: 4 2 2 8 0.37 10 mn 3 % [185F 44 1.07 |Had ACL:
ciaases: — _{ACL claspeg;
50-60 2 1 3 014 3 15 0 18| o8z| 21 051 50-80
BO-70 0 0.00 2 1 3 6 |03 & 0.15 B0-70
70-80 1 1 0.06 0 0 jooo| 1 0.02 7080
BO-90 0 0.00 2 o 2 |o0]| = 0.05 §0-90
B 100 o 0.00 1 3 4 joz1| a .10 90-100
100-11D 0 ) 0 B |ooo| o 0.00 100-110
110-130 1 1 0.08 2 ] 4 loai|” & 012 110120
120-130 1 1 0.08 1 0.02 120-130)
130-180 0 0.00 0 0.00 130-140
140150 2 2 0.08 2 0.05 140-150
150-180 0 160-160
160-170 1] 160-170
170-190 _ 0 170-180
180-190 0 0.00 2 2 ]010 F | 0.05 180-150
S 07 Sum: | 1.85 [Sum: 1.07
1
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[Aodal Elearance investigation 05.01.88 <> 16.01.99 4.5/ 31.00.02
Murnber of manudectured units HVacmgs fate of units numbor of units “:rm Mumniner of snits
{gocd parts only) during urtxiches spacilicaiion | oulside specificahon dus to worst
daphrams problern perod. ek pov ACL-class: |61 -7 1;"_;; ota:
[tanud. Uniis: Bad ACL (totad): 107 7] 0.37 | 185 55
8-Jan 536 50-81) 0.5 15 014 | o 27
g-Jan 23| 80-70 0.15 4 000"} 0.1 ]
10-Jan AT il 0.02 1 005 Q.00 1
11-Jan 404 A0-50 0.05 1 Q.00 0.10 3
12=Jan [iC>] 20=100 0.10 3 0.00 0.1 ]
1Jan ‘Hé 100-110 Q. a1 0.0 0.00
1i0-120 112 [] 0.05 121 [
120-1340 0.02 1 0.05 4 1
180-140 0.00 0 0.00 1]
140-150 0.05 1 0.08 i 3
150-180 a
160-170 0
[ 170-180 _ 0
Towd: | 2969 180-190 0.05 1 000" | 0.10 3
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|5l.|mn'ﬂ"_r of parts dallverad to CUSTOMer oUTsids ATL wm I

Bad ACL (total): B1

6070

90-100

35
]
70-80 17
3
3
&

100-110

110-120

120-130

130-130

140-150

=1

150-180

180-170

170-180

180-180 3

[Mo. of produced units:| 5,838 |

_ TR
*I-16.1.89 19798
55 a7
27 48
) 18
1 2
3 5
5] 11
=] 11
1 2
3 5
3 b
7]

Total:

111

-y
=

elojo| o] e

e
|

o8 20a02

SKF 001278



Protocol Mxout axlal learance test measuramanta st Alken 13 - 15th
Augus

ARM end play mbums. d
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Agreed Actione ot Alean August 15

Qualty

Please find altwched the aclicn plan producad and agresd with the Alken team

THU acione In Alkan.coc

gKF 001281




Action Plan for the THU channel in Aiken
August 15, 2002

Team: Ed Cotter, Chris Jones, Amo Stubenrauch, Bill Farret, Mario Winkler, Mike May,
(eorge Wireman, Bemd Stephan, Clags Rehmberg

L. Prepare the ARM audit in Aiken CJ and JS

- 1. Schultheis to support in Aiken (approx 2 weeks) and participate to the audit BS/ICR
{Aug 19)

- W should propese an audit/visit date in early September to ARM. (BF)
- Focus:

- axial clearance gavge + data (max, min, Cpk) sea also point 5

- scrap rates and reascns (per day)

- prepare channe] for "Scrap without compromise / green flow”

2. Chennel
- Analyee the gage far software, slecoonic + hardware failures and potential
design problems of equipment Aiken Team (start Aug 15
- Improve the inner ring profile plus surface quality Aug 13
- Diamond roller from Luechow. (Aog 19)

Short Term: {immediate implementation)
- Visual inspection after honing process for the OR. CT (Aung 19}
- Independent inspectore in the channel (one per shift) EC/CT (Aug 19)
{Could we get one from Luechow, who koows the process 7) BS

Long Term:
- Possibly invest in combined 100% noise and axiel clearance equipment
from QTC (equipment feasibility ta be checkod Monday) C (Aug 19)

3. Report of results of the 6 rejected parts from ARM and improvement actions CJ
(Aug 15}

4. Frepare new masler paris and maagura tham in Luechow BS (Aug 19)

5. Specific eventz on April 20 end May 3 1599
- Axial chearance readings these dates, plus days before and efter. CT {Aug 15)
- Readings from feb 1999 (after the first diaplragm replacement) CF (Aug L5}
- Readings from all days 2002. CJ {Aug 15)
- Readings from full 1998, 1999, 2000, 2001, CJ {Aug 200
- Laghook avents on the 2 dates. CJ (Aug 15}

&. Differences between Luechow and Aiken
- Design, ML
- Crense fill of the seals from CFW. Letter was send froor Luechow to Alken
July 27 1998. (to Kevin Lechene)
- Process IS

7. Chack if the trailer THU shows the same problem CF (Aug 19) BKE 001282




8. Split warranty data batween Luschow and Aiken, BW {Aug 20}

9. Communicaticn improvemnent berween Aikenr, NATC/Sales and BUT {Ge}

- Regular meetings to be fixed {video conf). Start with weekly meetings
between Aiken and NATC/Sales. Later monthly meeting conld de. Munday morminge
BF/EC/ AM and/or AS (Aug 19)

MMR to be exchanged (bath ways). (Immediate,)

SKF DD1283




Agracd Actlons st Alken on 2002-08-18

Plaase sea ths report from Class Rehmberg about thase points

BKF 001284




Reports handed out to Chuck 3mith (25-07-02)

;I]uaHtr

Thara was a meeting on 25-07-2002 st NATE in Detroll with Chuck Smith {C-direaior Arvin Marior}

Diuring that mesting folowing documenteaports wera handed out ta Chuck Smith (copy Soh Bondy)

7_Stepreport_Miasngmarking.d

SKF 001283




THLL Process Laymit Alken .x

MPR_100%_aurvmary.dc

1938 figuras wara not avallable. Lost during organisation change.
Monthly Intemal Geomeiry Reajtss-0z
Oue to missing 1958 figures the wdvaniages of diamont dreasing roilers wers explalied as well aa

the
precedurs for the ordaring end checking of dismont drassing ralkr was shown:

¥

achuliha002-08-09_133451.%
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AT /13 § 2-07-2002

he Ned axja!

achow:

SKF Alken:

{ 2 cones) after assembly of rollarg
and cages by measuring
| automatics

SKF Luschow:
iR raceway diameter grinding OR racoway diameter grinding
according to defined tolerances according to defined tolerances
Stand out messuring of cone set 10N OR raceway diemeter

measuring by automatics

Stand out resuli of cons sett

conea are grouped in § dlfferent

ransterred io OR raceway grinder - | graups (stand out)

raceway of OR wlll specificaily
 ground for the cone get.

OR and ccnes set will he matched According to outer diameter the
the adequate conas (stand out)
arp agssimblad automatically.

100°% measuring of axlal clearance | 100% measuring of axiai clearance

by measuring automatics by measuring automatica,

According to axlal clearance result
unit wili be sorted as "In
apecification” or "out of spec.”
“units n spec” wlli be transferred
1o naxt operation.

According to ax(al clearance result
"In spac.” process will continue
"out of spec.” process wlli be
stopped.. :

“Units out of spac.” will be sorted
out on speclal rework station.
Oparator has to exchange cones
according 1o actual axial clsarance
results.

Opearator has to exchange the
cones manually.

Reworked units have to pass 100%
axlal clearance measuring
automatics again.

Fe-matehed unita will be checked
for ax|al clearance again,

Only units "in apac.” can ieave the
station.
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Root Cause Of Manyfacture:
An Axisl Clearance Geges problem was noticad in January of 1999, During the inklel malfunctioning of
the gage, the unila in which the gage clazsilied as low axial clearance wera adjuated by replacing
minal size innar rings with emakier dlameters o increase the axal tlasance valye. This is a normat
~*F praclice, if thera ia am axial clesrencs rejection; nner dngs ars repleced accordinggy to adjust
aie axiad cioarance to within the required specification and re-gaged. Since ths axiel cieamace gage
dizphragm was nol applying the prager load and nominal inner Angs wate replaced with smaller
arnss, the combimation resulted in uniis haviryg excessive axial clearance values, which wers
riagaifiad e accaptabla by lhe gage.

Reot Cang Of Non Delgetion: .

Tha gage eontinsed to provide smidar rﬁadings of clearance wlltmt 8 noticeabls change after 25 1o
30 consecytiva parts wera gaged. The matfunction on the gage waa atiributad o a fallurg of the
gtaphragm materisl; the dlaphragm ig used to provide the load in checking the mal clagrance. The
load is nacassary in order lo propery seat the inner ring bearing assemblies prior 10 making an axial
rlearance check. The praper load to be appled ix 300 Mowion's.

Intmrim Action / Contsinmend:

Idanifying trs root cayse waa not immediate, therefore a decigion was made to quarantine 2 GO0
hearinga pased on the Edmunds Axal Clearance Gage Data Bage, which stoves up io 5,760
comsaciribs radings.  This quantity was chosen as balryg a consaivalive numbes based on the
iiming of i gage melfunclion as datermined from the recarded date. To prowide ol protection
againal any patertial eronenus raadings, the quaraniined quardity waa choasn basad on at tha
valuas thiat were ginead in the gage data e, and how thay vaned 1o one another.

or repiacing ihe firs! diapheagm, part masters were made wih known values that were utliized fg
verily gags repasisbiity and pravide asaursnce that the gage was lunclioning properly If problems
octurres. Ovet a period of abowt nine montha, two sdditional diaphragens were eplaced. This
rezultad ih & redesign reques! to Edrmunds Gagen and astablishing a mgular scheduled TPM to
change e diaghragm.

The: 2,000 quarsnwined bearings were later re-gaged ulifizing 5 newly deelgned manual of-lne gage.
Howenver, thare wera some difenences betwean 1he two gagas:
1} The affdine gnge maasumd datically Instasd of dynamically;
2) The off-line gage did nol rmitete tha bearing;
3) The offline gage meamrad axial danrance after complets assembly of beening (groase/asals)
whare s tha onding gape maasurad with only ihe et rings: inslajiad.

Corralation shuidies wiare conductad batwean the two gages, which indicated at that bime that the of-
lina gaga wha capabla of detecting outters, :

Tha shipment of tha 200G quamntined bearings was delayed for about 10 months from thair
manufaciure doe %o the tme reguired to manufacture the manual gaga and perform gage R&R
teating. Thia accoumts for tse wkie rangs of In-servdce datad for the vehicles Involved.

Worson Stear THU Fkd Concania Root Caips fnsiyss
Chris Jonee, 28 Hew 2001, Poye 2 of 7
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Furiher Ivestigation reveslad additions] probleme and corrective aclions conteming the axial
Clearance gage (ses following detailed list and atimched chart):

+  October 31, 19098 - Axial Clearance Gage air leak found
™ Corrective Astion - Repaired Laak [October 31, 1988)

s Janugry 21, 18958 - Azlal Clearance Gaga Diaphragm failum
Corractive Actlan — Replaced Diaghregm and quarantined approximately 2,000
baarings {January 21, 1998}

= May 31, 1999 - Axial Clearance Gaga Diaphvagm faiura
Corrective Actlon — Replaced Diaphragm {May 34, 1999}

+ August 20, 1989 - Baaring wobbley when rotated
Corractvi Actlon - Axisl Clearancs Gage upper and lower Bearings were
raploced (Augunt 20, 1999)

v Qctober 6, 1238 - Chanped Mounting of Dlaphwagm to radtic 6 wanr

» January 7, 2004 - Axial Clearanca Fallum
Comective Action - Replacad Olaphragm (Jencary 7, 2000)

= Fabruary 29, 2000 - Axial Clearance Gage Dlaphragm replaced
Comractive Action — Replaced Diaphragm (February 29, 2000)

s March 21, 2000 - Adal Clagrance Gage retrofitted with new cylinder design
replacing diaphragm.

» Apr 27, 2000 ~Cenbaring Ball broke off of lower tocing
ﬂ Carrective Aotlon — Aligned Sheft (Aprll 27, 2000)

v .June 8, 2000 - Axial Clacnnice Gage upper and iower bearings ware repincad

SKF Alken Fail Quanifty bessd an Hab Jusan Dates

l.i!
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Womeon Steer THL! Flaid Concems Root Cause Anphysi
Chyly Jorsg, 28 Noy 2007, Pags 3ot 7

m o _ e e e
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Additiona) nterim Corrective Actions:

#’k Requested Edmunds Gage fur complate on site evalualion of axial clearence gage for e
-0 dangn of gaga to ellminate 18eua.,

2. Replace diaphragm every three months to enture na malerial failure ocourmed, whie
complete gage dasign waa balng invastigabed,

3. Create two hub assamblias 1o be used as masters and veridy the en-ine gage
repastakiity on 2 requiar hasis,

Comrective Actions;

1. Redesign gage and fabriczte parts by Edmunrda Gage.
Compietion Dete: Fabwuary 2004,

2, Retmit gage with new special cyindar.
Commplation Dats: March 2000

3. Implemang threa mastars to perform velidation checka at the beginning of each ahift and chart
raaults on fare 3KF THU-0034.
Complation Date: October 2004

Morson Blsor THU Flaid Concema Root G Anghysis
Chrlx Joras, 28 Nov 2001, Page 4 & 7
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o Augintutee g
I% [@, F . Alken, Sauth Garoling Axipf Clearance Result

Tk a7

" Month: far| Number:

™
_%
: i
BE35020°1 Riknge % 50 "M nen  BE3SIZE Rargs = 040~ 048 rom 93242 Range =070+ 75 m
Form SKF THLUL024
The actions sbove ave provided a congiatent application of the 300 Newlon foad.
Guprent Cantsloment Actions;

A gtock audil was performed an Septamber 20, 2001, in which five bearings from sach month

remaining in ths warshouss (March, Apdl, May, July, 8 August of 2001) wara re-ispected Er axial

cleprance. The studs, ABS rings wara removed and the axial dearance was rechecked using the an-

Kna axial clearance gags. The results wars compared to the initial readings slored in the GE Fariuc

Cimplicity during thelr erigihal production, Remembening that thess besrings ware rechacked with
A™0acAa and eaak inslelted whereas the onigingd messurements did not hava these impedinents, our
*dings incficata the rechecked nssults are similar kg tha initia! measurements.

Monmon Fhear THU Fisld Corcems Rog! Caugs A o4
Chrin Jones, 28 Noy 2001, Papa 5 7
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7-Step Corrective Action.

7-Step InilidteriTeam Loadyr: Fiona{8007) BA3-ARED Stuitow; Closen
et Jovees
Fax(803) 683-B811 iy Lete:072602

Suppilar: SKF U3A Inc. Supplier Cads: 77248 Rowiclgin Daba: 07250
Logatbon: SKF Aulomotive / Aken Daite of Qovorancs: Data Root Cauma |oat,

1084 Intamaicnet AL 0852 72000

Graritevie, 5C 28529
BTF-o052 T e DB
Source oF Comolain: Lt POA Yarifed: Cuta Clasad:
Argindteritor il lid OT2402.
Line Affgctad MG Tickgt Ncgmbgr Rofgmg] Number:
THU AKO2THLIG

B Taam: Chis Jones Quality Assirance Menager, Kevin Canon Quality Engineer,

.!'ﬂh’t

2

Metin Winldar Channel Managar, John Thomes Etecirical Enginesr.

1. Prablem Cescription

Tuve begarintgs were rallind b Arvin Mackor fevn e fleld far warmnty analysls. During Iha
wwesdigatian it was found Sl bisth bessings dd not conlein any identfication marks on ihe side of the
outer rng Benge. SKF hos vieuaily examinad oy ane of the e besrings and determined \ha! tazed
ot the saal instalied in the baaring (Freudenbeeg) i I8 a BTF G052 and therefors manufactured befome
Aprll § Th. 200G when & sagl changs wak invoducsd. ARer further invesdgabion il was ako found thal
baaning did not contaln the pin maded nemier placsd on the auter ring after heat treatment. This fact
mesns Lhe baaring was produced befors Merch 1 8 2000 which is whan the pin marker was
intreducad mio the channal procees as & comecliva aolinn. Tha secard Bearng hes not been seen ant
tharafore nol aven a rough manufacturing dete can ba delenmined,

irtirion Action / Comalnment;
Tola! Besringa in hause ars 4, 182 o tha nomber bieed donm by ax foliows:

2,562 BTF-0085 A (MUFFOUTS 32)

1,004 BYF-0065 R (HUFFOUTS 34)

**+ Al baaringe with operations conducked cuiaics of the nommal channsl flow I fonged into e
rowrk o book by safal nurnbar and this provides an excelledt appatunily 1G yerlly i
markinga are prysanl.

AlE tha abowe bearings heve been inspectad for bearng marking and Found 4o ba in full
cankmance

Pege 1 of 2
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7-Step Corrective Action.

3 Root Causs.

Curing ihe nomnat channet priecyas the markdng of the bearng on tha angs cuter diameter is the lhird
operalion from e final packing stalizn, This means el fuming , grinding and azsembly operalions are
complete and in specification, the beardng & lully asaembad with exception of the studs and 485 ning

Aflar 5 datailed invasliggalion it Is fell that tha bearings wers nol marked due to Faull with ihe marking
mathiee. The baarings cartinuad through the remaining channal procsss having tha stixds and ABS
ring fifed angf gatsad visual inepaction wilbout the lack of maddng being noliced.

Bagad on the resulls from visual inspecticn the bekow comective action was implamanizd n 0720000,
Whis will varfy avery cycla that |ha marking oparatian i complata prior bs relaasing ta Bearng 1a the
et aparation.

4, Cormetive Actiens:

* Implemeant In contrallar imachica logre) hat an elaciric] fsadhack 8 givan o the pls
[Programabia logle canlroller) verifying Lhe marking operation has been complebed o avary cycle.
Completion Csite ; 07/ 2060,
* Modify channal program lngie to eliminala ary possiilty to manually bypass the marking operation.
Complation Date . G002,
* Implement daily TPM chack for stanch candition lor damage and ware.
Completion Date : B7/24/02.
* Upelatn PFAMEA.
Completion Date ; 07131402,

5. Varification:

Sincg Lhe channel kagic has bean changad A toist of 4543 baaringe have boan produced and verfied
for their markineg, The sarkd manbars of thaae bearinga kava been recorded to arsura full vanification.

fi. Conirol

Tha channel program logic can only altered by fwo framed cetifd engineers. no oparator interyenbon
£an ocour 0 remove the varfication and typass over rides cumently inslafled in the sysham.

T. Provontion:

The measuras cullired in thia correclive action mport will be considered pammanent.

Chris Jones )
Cuality Aasurance Manager
SKF Automolive Crvtsian
Alkan.

Paga 2ol 2
SIF D0AXIL2
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7-Step Corractive Actian,

T Stap InilfatorTenr Lasder Phang: (B3} 8534652 Status.
Chrgtoaher Jores Far{803) 6638611 Chrsna

Sugpiler Sunpiir Cole: lasu Daty

SKEF USA nr TFl4B QAh0e0c
Logation: Dnte of Qs giyrancey: Duts Cloand:
BKF Aulomaliva 7 Ageen P HMAR2 il ks

1084 Internatianet P,

Granievie, 5C 25829

Part No.& Deaeriction: Saurge of Complaink: N/C Tigket Hymber
BTF-0053 Ariwinddarilon

Ling Affected: Raforral Nurier,
FF-881 Enay Siear narkceive front axia AN THLOGZ

D Team: Chris Jonse - SKF Quellly Assurance Manager, Maro Winkler - SKF Channsl mavagar,
Kavin Cannon SKF Quality Enginear, Mia Lawis - Manager Truck Application Engineering, Bruce
Yeeka - Project Manager Appiication Enginzaring, Robart Bondy - Senior Nationad Account Marager,
Wilkiam J Farrell - Chicago Rawhide - Sakes, Roy Clrqurgrani - Chicego Rawhide Quakty Coniral
Manager, Biit Tubba - Chicagn Rawhide Qually Analyet, David Skvwma - Chicago Rawhide Sanior

Heawy Duly Applcslion Errgireer
:.F“ .

1. Problgen Dascripiion

AevinMeritor commeiad NATC in Dedrolt i3 report early feiures conceming BTF- D085 umts.

Prafimingry indication wea fllures were rekztad [ nboard seal flaws. Failad unita sarial

rumnbers, manufachine dates, and lhe truck mileage are Ik below,
i Milvage

J3i{z474 10H TR 105,18

(265003 0140581, LYE K|

Gi32p52 D2i2TR. 80,93

334002 L3001, 91572

w2145} 114300, 9,353

0345840 0712401 21,0853

Z. Interim Action | Gonlairment

1.] All of e curent SVLETFB 44632668 CD R-Sals 2aai skeck were sent 10 Chicego Rewhide in
Elgin, for disassambly, ceanfng and sorting. n sdditon, parle mroduced in CR Bethiaham thit

wera negeciad from Alen sbock and 2ent 1o Elgin have been acrappad. These parts were not

soried andfor reshipped.

£} PPAP and purchase seal at new lacatian {Chicego Rawhide - Elgin). Upon approval of tha
new aaal, sorting was discontinued and onfy new 100% inspacied product was used b replace
5l s5als o buld new baarings. .
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7-Step Corrective Action,

3 ) Cranled new procadure and log book for replaciod cid saalks with new ones, ang
mpdemaniad & deniilication plan bor conifled stnck

t¥eference Tollowlag Procedure and Log Sheet)

SILSF

SR Standard & Fraclices

Antemniive THyision

YWork lostrugtion {W1y

THI 2.1
BTE-{065 Steer
SV-BTFB 446329 CD

R-Safe Seal
Rewark Procedure

Sweriom

Wil3ilxl Fage H 1}

bie 1 Mate 2

Cumpiled by kl:

Approved by chy !
F

| guanon SKF Aiken

PURMISE

The purpase af this procedure is in provide guidelives for the corveet rework of replacing the
SV-BTFB 226329 CD inbourd seut! and tha applicabie makings reautved afler completion of

FEWHE.

JCOPE

Fhis procedure applies iv sripervisors, praduction feam members, and qiryeone azsiving within
the TING 2.1 Channal in SKF Aiken, §C.

DEFINTIIONS

A1 Noerowformance: Product or material that dees not conform 19 the Crsiormr
niguiramaiy o specification.

42 Soup: Product or maierial discarded becuuce of em individual or multiple cusgoner
spevificarion / requiremen; s not su,

PROC,

4.1 Cargfilly, remove ol inbourd seal amd serup .

4.2 Clean seal bore varifying wo bure tght enters the grease.

43 Flace bearing an el 1o¢ insertian of aew sval and rone ring

4 4 Remove completed hearing from chaunal. Flage "7 inch yellow dot™ on huck of beuring
flange xxing paint stick axd mesk.

&5 A I seal is @ veworked (inspected) sed. apply o % Yy "X Berwear phe sevind museiver il
dlate codi und on pne of the machined Borses above the brphe pilar Seemeter aail record the
seviaf monber on jorm SKF-THU 036 to verifi rework hax been completed.

Paga2of 7
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7-Step Corrective Action.

oy B0 veud i e scal M ield), A d e Y T Detneen il soriaf wele amd
' duie code v am auw of the machined hoyser abote tie Peake gl diimerer amd st
#he wersal uiamber o Larwe SKE-THL D36 to vorifl ravard s heas crispdied.
4.6 Frapafle fespect
L7 Pk Pering
O REFERENUES
Al TP IR ¢ Comnd o Newrenfarming Product
THU 2.1 BTF-0065 SF-BTFB 446329 CD R-SAFE SEAL
REWORK SIGN OFF CHECK SHEET
E_, e mtm e P AT —— e ——— L M e e e e Rmrk Date: . ——— T - .
| SERIAL# [ A B || SERIAL# | A | B SERLAL # B
R e T FRPPPIpY SRy, S —e JEPE R W
o~ T o
l - PR : - : P -— EEl ol - [ [ ST — —_—— o |a ..! i
T -
- — | —— R— — H
| !
RSNSR  |  | E w
. e :[ _i i__ e E __..,..T.. ‘J;..__ ;
PSS oy L N it et SR
! | ! !
| I N
! i
3',.. :F — i _ iy b -
i_,_,,,_...._._ B SRS R ) PP - :
[ I :
._ —1 k- - - o .,..I.___..!.... {
!, - H - 3 ————— [ __i. —
e R I
P S - . - ufe— A _I[ -
R* . I 1 1 I
Vertllsabon ShoRmmre [~ :
L;w——'""“—m == —re— = N T St p i -
SKE-THU (& )
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/-Step Comective Action.

4.) Quarantined sl stock in Afen, Stathum Warehouse, and immacdizta ratum of all gtoo at
ArviniMariior for the roplacerment of old sasls,

Tolad Bumbar Of Boarings Rewarked - 6,357
BTF-0065A - 3,347
BTF-0065R - 3,020

Totx From all Meritor Facllities - 1442

From M ltor Fletchor - 214 From Maritor Pgrance - 632
BTF-DDE5A - 44 BTF-00654 - 459

ATF-(358 - 182 BTF-MIBSE - 173

Baaringy i Afkon: Tota) 3.429
BTF-00B5A - 1,630
BTF-00658 - 1,799

Sexrine froen Siatum Wersliouge: Tetel 1,488
BIF-0085A - 610
BTF-00858 - 885

4 Root Calles;

nspaction of saala produced at CR Bethlaham from tha retumed Aken stock showsd visinke
signs of potential sak defects for tw folkmaing conditios; Unfle, menug! knife fm danmsge,
Fowiinea, end acfl apols. in conversations with CR Bathlkeharn saff, thery soree thal these were
major probiame thelt the plant contanded wilh during their produciion rns and any one of Ihese
Cefects may hawe caused the seal fslkaes. The & secls that wers resrmed from tha o had
Snough waar that any of (resa defects may Nave been wom away., There is only 1 38 wilh
ramaining evidence of seal dafects, which was & uriil fwaid) on the wiper ip. Dua 1o the fagt
Mﬂdhﬂﬂmﬂnmwhwﬂnmmrmﬂuchwhummasa
potantial oot cause of szl failre,

1. Conmmetive Acflona:

1, l..lrrnlh{wvﬁda}mwmdmﬂuwhrllparﬂmhmmmlhuiﬂmmthap.url.
MﬂWMﬂMWWMMWEREWEMpMHﬂmwMIm
reflected on the Eigin PFMEA. However, i was idenliflad thet tha root catisa for 1he unills was
Hay lack of proper clearanca in the mofd b alow the metal stamping b fit ko the motd. This
lack of clearante in a nonfunciionat portion of the mold did not allow The rrsted stanping L Fully
sealin the meld cavity. A3 e rubbar anttered the mokd cavity ¢ il oul the seal, the proper
rubbier path wis redhced by tha une=ated metal stamping. in some cases, Ihe fores of rubber
nevar ovarcame tein resistance goon encugh and the fubber cured up befors Aling out the sea.
This creeded unfills (voids) an both the wiper Iip and @n the side-wal of the part.  The corrective
actton was to remawa i inlerferance point o alkiw (e metil to aaat fully in the mald. This (=
Incatad in a nenfunciional portion of the mokl. Thans k na dangs In dimanalons data, and tes
wag confimed with dimenslangl variflcalon whith was inclugsd I the PPAFR ta Alken,

Page 4 cf ¥
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7-Step Carrective Action,

2. Regsrding the potential for Dirty Mald, we concur with e findings from aniginel TER
completed by CR Bathishem on this part number. Elgin folkowa simllar proceduras for Audiing
aned inspecling fer dirty moid and followa a break in procuss with mold rekease o prescent Cirty
Mold from causing seal defacts. However, ihere is ane addibon comeckve action Mishun
Moid Relaasa uaed dusing CR Bethlehem production is acceptable with 480 rubber, however
there ks & newer Lachngloyy Mol release agent that is evalsbie. Thie product {Chemirand) is
used for 2l 490 rubbar during the break in and moiding pracess. This aubatituts product allows
the mold ta run clesaner and substantiaty mduces the poterial for this Ealfurs o oecur

3. Nex, lhe damaged (o the primary lip was caused by manuaky trimming the part with & knifa
blade. The read for rimming arousa due 10 the high picker Rash lsf on the part. The high
picher Nash 15 caused by damage to the gate area of the mole, but 5 controiizble by mold
reieage an press parbmetars. In Eigin production, there has not been any troubie with nigh
picker fiash thus far. Ragastiiees, there ar 2 corective actions. One, B any picker flash does
cchr, the parts will be serap, instead of reworking with a knife tim. Sacendly, if plokar flash
does bacoms an istue, the corractive acitn wil be jo replace any mold cavies with damage o
the Gate ares with replacemant mold ingarts and re-quakly the mald ncarmafly.

4. Flewines on ihe contact points is sated on both CR Bathlahem and Elgin production.
Re-faging the radtal grind on tha fands of tha moid cavity is 8 mutine maimsoance tem nesdad
in be completed when the mold antved 1n Elgin. This process allews for alf 1o escape (he makd
a4 tha rubber srters the cavity. In addition, mond release can craste fiowlines, for which, the
fore-mertioned changas % mokd releasa and re-facing of the lands hwios to control s defects

5, Vorification:

Although each of Ihe defoct condlions covaned abave are confrobiable & Sascribed, sach part
will b is 100% visually inspected. Howaver, a2 an addlionsl varifleation, a 100% funetional
tegt il be conducied on all coale. The test (Alr Laak Dinen) will ba parformad Sefore the
agsernbly procass. The Leak Dewn procees will sart oul ali of the defacts bsted above and
prevents any moiding defects frm baing assemblad and shippad. The Loak Down i
parforved by putiing the seal inta a fictune that sealy gt bodh cantect peindn. Than, airis
inbroducad it tha fixture and the kst eguipment moasucss the rais of ir proseurs decay. Any
heak pulh £aused by molding defacts wil be detacied by the inck of ity for the seal I contain
tha sif pressurs. This laak lact sirutianeously chacks the wipar Ip and pimary iip of the asal
MSA fof Lasakdown has validated jhe ofiectveness of the test,

Al cizreciive actians were compleded befare stadt of production in: Elgin with ine
excmgtion of the air Leak Dowr, Al seals producad befors implementaion of 1.eskdown wars
2% inapected o “oll seal’ stapwdards which hava Zerd Allowabie defeci s2e or quantiy on the
soaling surfaces. The Leakdown equipment s aompleds and will eady fior production
4-25-2002. impkeieviation and training is baing compfeted and from this polnt forwerd, 2
seals will be 100% Jeak down lesles #s an added precaubian.

UPDATE S/232002
The fnat acton ilem kor 100% leakdown lasing was mplamented on 4252002 On 4/30/2002,

the 1000 Hace shiptmeant comizined only 100% leakdown teated parts, Ao will e a3l clher
ghipmams gince that dete.
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7-Step Corrective Action.

UPDATE 071802

Attribute Quga R&R Study - This is a pass fail M3A wsing known geod and bad parts.
Within Appratser

Ageasment Agreamm!

Appraiear % tngpacted ¥ Maichad Percanl (%]  45.0% C

f B B Lilagi] | B8.8, 100.00

2 B 3 160.0 { 8.8, 100.0)

& Matched: Appratser sorees with himMerse acrosg tials.

Batvaan Appralsars

ASEesEgE Afreamant

#lnspacted  # Matched  Pamant{%) 95.0% G
8 | 100.0 { 888, 1900

# Matchad: Al appraiaern’ aseasstnents agree with sach other.

Dage R&R for Laakoown unit -This gaga RAR vees the same parts a3 M M3A ghove.
By intluding thase paris and increating the decay time we wera abla 1o get snough
dksgrimingdon to validate the maching.

Note the numbar of distinel categoris compared o the Inikal MSA. The kength of decay was
determined by reamuringg partk gvar varous decay Umis in order to soe readings other than
e which we axperisncad with good pars at the our normal 1 second decay tme. We also
had to chenge e keak down imk in order K obkain a reading for the bad parts incduded in the
MSA, Narmally a bad part wit provide a decay valua squal i the dacay iimil. Sy moroating the
docaly et to @ value greatar than the sclual leak, we couid see the amount of Me sctual lsax
ant usa il for the MSA. Pleasa cal f you nesd mere information

Y Conirution
Source VarComp (of YanZamp)
Total Gage R&R 0001181 1.8
Repealabliity 0.000688 1.08
Fepvocucbilty 0.00K83 0.78
Cpvérator 0.000037 0.08
Oparaior'Forts 0000458 Q.72
Part-To-Pgrt 0.082389 08,14
Total Vatiation 0.083670 100,00

PagesGof 7
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7-Siep Corractlve jon.

StdDev Sty var % Sludy Var

Source _ {81 {51580 sy}
Towal Gaga R&R 0.037 O 1770 13,63
Repoatablity 0028239 £.13511 10.41
Feprodkcibily C.022 M4 011435 a.81 .
Cperalor 0.006085 0.03734 2.42
OperatorParls 021353 G.10887 547
Fant-To-Parl Q249777 128915 49.07

Tatal Varation 0.2572131 1.20847 10000

Number of Dlstinct Cajegodes « 10

. Controt:
Control Iy achteved via » Laakdown Mashine "Setupiin-Process Verification Lag”. The

wﬂuﬁnnhpﬁfwnﬁﬂrtuﬂnnkmmmphw&:mmummm
varify that if ia working propary. Thhiqdnnuiendumlupmdmryrzhnum.

1. Provantion;

All of thesa conlrots are part of the Control Plan and conaldared permenant part of the procoss
rinating.

Chris Johes

Quality Assurance idanager
SKF Autoriiative Divighan
Al
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Traceabilily documantation for BTF 0085

Part dagignation: R - Safe Saal

Partrumber: SV - BYFB - 448328 CD

Bata:

Jullan data: . Batch lot numbar;

SKF D01321




Traceability documentation for BTF 0065 Date:

Part designation; Stud

Part number; VB-BTF-0052B

>

Jullen data: Batch lot numbear:

SKF D01322




Traceabllity documentation for BTF 0085 Date:
Part designation: ABS ring

Paitrumber: VF - BTF - D031

e

V F" ‘ﬁ ?_J'-* i'-';"-" E i fif‘-f'j-'jﬂ_f:';

Julien datn
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Traceabhility docum n f

Part dezignation: Seal

Part numbar;

SR - BTF - 0050

Date:

Julien date;

Meanutacturing date;

Incoming relanag
Hate:

SKF 001324




Traceablilty documentation for BTF 0088

Parl designatien: Innar Ring Forge

Part number.  JM-BTF-0025

Dala:

N v

Jullen date: Reafarenct to order no. Incoming ml
heat number flate;

SKF 001325




Traceablll cumentation for BTF Daie:

Pan designation: Qrease

(LTI T T LY 1Y T LT Py .

Part number:  Greaee GW?2

Julien date:

Batch f Lot Mo.:  Hate;

155 001326




Traceabillt cumentation for BTF 5
Part designation: Rollera

Part numbar:  RT 5020

Date:

Aafarance io Incoming release
delivery date: date;

SKF 001327




Traceability documentation for BT Data:

Pan designation: Roliers

LLRLL L RETELTE LY TTT T T TN F ey

Pert rumberr RT 5020

Julien dats; Incoming ralsasa
: assambied part: | daile:

SKF 001328




Traceabiiity documentation for BTF 0065 Crate:

Fert deslgnation: Cage

Part numbar:  CJ-BTF-0031

Julien date: Refarance o {ncoming releaas | Remarks:
asgembled part: | date:

SKF 001329




Tra | ocumentation for Rate:

Pant dasignation: Quter Ring Forge

Nimmmmm e R NN FFEF A A AR

Part number;  OF-BTF-DO7E

Jutlen date: Relerance to Die incorning Remarks:
Code release date;

SKF 001330




Iraceability documentation for BTF 0085 Dats:
Parl designation: ..... avrmmEriTEREEEESEnan remaan ear
Part numbar;, SR A rremEEEEEETATEE RS A dn .
Laber,
Jutien date: Refarance to Incoming release Remarks:
assambled part; | date:
SKF 001331




Traceablilty documentation for BTF 0085 Data:
Part designation: ......cceeessrrsrensnnrnioenrssannsin,
P&t NUMBBI.  iiiaseseeerersinanieas trrrraa
Labet
Juiken date: Refarengo to lncoming releasa Femarks:
asscmbled part: date:




Traceabllity documentation for BTF 0065 Data:

Parl dosignafion: ...icucececeesieiienssirnsreresenes
Part rumber: P P R
Julien dute: Refamance to Inceming raleasa | Remarks:

asaembled padt: date:

SKF 001333







Internsl geomatry - Alken AprilMey o9

Qualiy

Ovarview on IMeamal gecmetry data from Alken from apri‘may 1959:-

Hmﬂumﬂmhmfmnpﬁmmprmumumnhrlﬂ-my angle, |P-racewny crowning, angs
angle that could explain the excesdad numbear
of rajections from the Bald,

3

ATF-008E Monthly internal Ceomairy Flesults_aprmanyt
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NLOZT303e_Supplementdc NLO2ME03a doc NLOZMBO4e.tloc NLOZTE0240.40c NLOZM2O2e doc
NLDZWMS08s dog

SKF 001344




(Lo o o ]

SKF Engineering & Research Centre B.V, Report Supplement

Supplementary Lifottnation for [nterim Report NLO2MTS03s
20020731

ArvinMeritor THUs from the Field:
Bore Corrosion Product Analysis

Aidan Kerrigan

Materials Theory & Testing
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EXTERNAL CUSTOMER
Report NLO2#4TO03e

ArvinMeritor THUs from the Field:

Bore Corrosion Product Analysis

Abstract The inner ring of a THU from the field was supplied to the University of Surrey, UK, for
analysis using x-ray photoelectron spectroscopy. The objective wes to determine the
chemical species of various areas of the bore, which were different in sppearance.

Project backgroond

There hive boan incidenty with THUs in the flaid in the USA. Examples of THUS from the fiald were supplied 1 ERC for
inwsﬁmDneq:miﬁcquﬂtionwureprdhgthcoormdmpm&mmmﬂmhmunfﬂwinmﬁnphhbumat
ﬂ:clﬂghmlmdadpmiﬂm(mmmmduﬂﬂ,mmwudm:ﬂmdmdnru.whiuhwuﬂdm-llybuluuduﬁemng
correalon, Hawever, there was also a Hahit red arca st the 136 position, which was regarded a9 mowsmusl. In geasral, the
chamfer waa not discoloured but thare was & froe-standing red nres o the chamfer ie, in & con-coutacting locatkon,

[n arder to classify thege products, an inner ring was supplisd b the Undversity of Surrey, UK, for analysiy using x=ray
photoeleciren tpectrascopy (XPE). This tachmigue iz used to determine the chemioal spediea by messurement of the
chemicnl booding snergiss.

It is imporiant to state that the Univeralty of Surrey were not given any lnfisrativm other then thet the pert supplisd was s
tapar roller bearing innee ring and given clesar instructions of the areas to aalyse. Wo mamdaciuring, epplication o
customer nformatian was given. As & result, the Investigation and report from the University {incorporated into this repart
In {5 amlrety} covera mare than just the oxide spanies.

Objectives
To determine the chemical speclea present in the bore of » THU inoer ring retumed From the fleld.
Maln results

According tn the results i Intarpretation Fom the Unlversity of Surrey, the products in the bore of the THU iner ring st
the 0° amd 180° positions wers en Fa(TIT) compound, mast prisbably FeOGH, which were fared in 8 humld anvirsmgnent
[.¢. in the presence of watex.

It should be noted that at the 07 position, the fintah machining marke ware not apparent but thet st 1802, the finish
machining merks wees stil] visible,

On the {noo~comtacting) chamfer, the non~disookoured maface haz an Fe0y type of deposit. This ‘wns steted to bave been
fermied Io a dry emvinmment, at & “slightly elevetad' Lempersture, probably during heat trestment.

Tha free-steamding red area on the chemfer way analyssd and aleo found to be sn Fey(y type of deposit, sgein fermed in s
dry emvlnonmens,

'Ihmduixmmhmhﬁ:mmﬁnnhmfmmmiﬂyémhmmmmmmhm surfaca witl have
an qeide which foemed during evatenitialng and vaa them oil quenched, picklng up casbon. The oliver area may have formed
after the quenching meatment, giving & lower carbon cootent. Mote that this is very speculative.

'I'humultﬂtﬂ:nﬂ'mdllﬂ“pnlll:lm'.lirtﬂjebure.umnmudtaﬂwrunlhﬁmﬂmuhmt&r,hdluhihuﬂmmiqm
can Gffarentivie between differeat oxide specics.

Main conclusions and recommendations

m#ﬂmhhb«edmmﬂhﬂﬁn;nhﬂ'mlwmmummimm
FeOOH, which were furmed In & hutnid envirmment i.e. i the peesenes of water, '

Additionsl comments
For clarity, the codns used by the University of Surrey will be explained here in relstion to the ERC description of the

products in the hore. T, Ui
Pinbore: ~ Darkened red ares SKF 61
180" in bore 1 Light red area SKF 2
Chamfer : Frec-standing red anea SKF I3

© SKF Enginering & Ressarch Geaire B.Y. C _ SKF 001347 3




EXTERNAL CUSTOMER
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Fhotographs supglied te the University of Surrey

Darkened red area on bora (0°)

Light red arce on bore (180°)

Free-standing red area on chamfer

SKF 001348
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XPS Analysis of Discolouration on Bearing Inner Ring #11

J F Watts, S J Greaves

Executlve Summary

Surface chemical analyzis of “Bearing Inner Ring #11™ waz carried out by X-ray photoelsctron
spectroscapy  (XPS), XFS i8 & surface chemical analytical techmique with an enalysis depth of
approximately 8 nm. Sampies were cut from the bore and the chemfer of “Bearing Trmer Ring #11”,
thea:wmidmtiﬁad{b}rﬂleuu:mn}asdukunudmdmhbm{mﬂl],ﬁghtmdminbum
(5KF02), free-standing red area on chener (SKF03). In sddition an analysis from an unblemished
region of the chamfer (SKF()4) was also required,

ﬁnnlym&ummdmmwiﬂ:inﬂwhmhdicntehmhthednlﬂﬂdmduﬂmaﬁghtmd
discolouration (SKF’s degoriptions) 10 arisa from an Fe(Il) corupound, most probably FeQOH, which
hag been formed in 2 humid environment

Both analyses indicate significant surface concentrations of surface carbon contaminstion which is
pmdmﬁmuﬂyhydmcarbminmhnnﬁﬁﬂnmnofﬂﬂeﬂ%mgmicﬂmnﬁmﬁﬁu .

The anatyses from the chamfer are both of an Fe;O; type of deposit The one identified as a free-
stnnding red area on the chamfer is a vohmminous (high surface area) form whilst that from the
unhlmniahadmgimofﬂmclumferiu-ﬂﬁnpnuiwﬁlmnfthemmpusiﬁunpmhblymlﬁng
from a heat treatment procedare at some poimnt in the ring’s thermat history.

Minor elemerts (Ca, Na, F, K and N) are detected in low concentmiions at alt analysis positions but it
iz not possible to relate these, either qualitatively or quantitatively, to the performance of the bearing
ting in service on the information supplisd.

BKF 0013580
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XPS Analysis of Discolouration on Bearing Inner Ring

JF Wntts, S J Greaves
Preamble
A hemng shell identified as “Inner Bunng Ring #117 was supplied complets by the customer along
with a series of digita] phatographs that identified regions of concemn regarding the physical
appearance on both the bore of the bearing and the region identified as the chamfer. The descriptions
of these regioms of discolouration, and those that are used in the following reports are as follows:

Darkened red arca in bore
Light rod arca in bors
Free-standing red area on chamfer

In addition we were also instructed to carry out analysis em a region of the “chamfer” that was not
discoloured, this is identified as:

Non-discoloured area on chamfer
In the attached specira these analysis zones are given, the foliowing codes:

SEF0]
SKF02
SKF03
SKF)4

The bearing shell was sectioned in University of Sumey workshops to provide relatively large pieces of
the bearing ring for analysis, with the regiona of intevest identified in the customers photographs.

Large specimens were used in ceder to avoid thermal effects that will be preseat near the machined
surfaces, nueuﬂ:mgﬂmd was used to avaid the possibility of the modification of the surface chemistry
of the regions of interest by the use of such reagents. A series nt‘mewsuftheseuuunﬂdhm'mgrmgm
shown in Figure 1.

XPS Analysis

The sectioned specimens were mounted for analysis on the platrm of our Thermo VG Scientific Sigma
Probe spectrometer. Analysis was carried out using AlKo radiation, and & survey spectrum over the

region { — 1340 oV (binding coergy) was fivet recarded from each region at a chamnel width of 0.4 eV.
High resclution spectra were rocorded on the baxis of the elements identified im the survey spectum.

These were typically Cls, Ols, N1a, Fla, Ca2p, Falp, Nals, depending on the specimen. All survey

spectra and high reeolution spectra acquired are appended to this repori. The bindimg energios of the
principal photoslectron core levels observed are liated in Table 1.

SKF 001364
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Figure 1. Geners] views of bearing inner ring following sectioning,

C]a

2835

Nls 400
Ols 530
Fla 586
Nalz 1072
CeZp 347
Felpi/2 710

Table 1. Binding energies of the major photoslectron lines

Quantitative Surface Chemical Analyses

Cuantitative analyses ware calculated from the high resolution spectra following background removal
to yield the peak intensity in counts sac”’ &V, thie is then normalisad ueing the appropriate atomic

& SKF Enginzering & Reszawch Cenme B.YV.
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sensitivity factor (SF) to yield a normalised peak which is then summed o provide the surface
composition in atomic percent (At. %). These data sre provided for spectra. SKFOL — 04 in Tables 2-5,
In all cases a small amount of potessium i3 detected as revealed by the presence of the E2p doublet
centred at 295 eV

Cls 55.5 0.25
Calp 0.5 1.53
Fls 2.3 1
Felp 03 3
Nlz 1.2 0.42
MNals 0.9 2.3
Ola 299 0.656
2p trace 1.24

Tahle 2, Surface analysis denved from spectra SKFD (darkened red atea in bore).

CaZp 0.4 1.58
Fls 12 1
Fslp Bl 3
Nisz 09 0.42
Nals 1.1 23
Ols 24.0 | 0.66
K2p frace 1.24

Table 3, Swrface analyzis derived from spectra SKFD2 (light red area in bore).

Cls | 151 |045

Calp 0.2 1.58
Fls 0.4 1
Felp 300 |3
Nls 0.7 |04z
Nals i1 23
Ois 312 0.65
K2p 1.2 1.24

Table 4. Swrface analysis derived from spectra SKF03 (free-standing red amea on chamfer).

Clu 478 |0.25
Ca2p 02 |158
Fls 07 |1
FeZp 144 |3
Nls 13 {042
Nals 13 |23
Ols 34,1 | 0.66
K2p 02 124

Table 5. Surface analysis derived from spectra SKF{M (non~discoloursd area om chamfer).

& SKF Engincering & Rescarch mre B.Y. . ]
' ' SKF 001353
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‘Carbon 1s Data

The concentrations of carbon observed on these spacimens are, in three cases, at » level to be expected
from samples that have been exposed to the ambient environment in a relatively uncontrolled mamner,
with perhaps the presence of residual carbonaceous material from previons processes. In the case of
the spectre recorded from the fiee-standing red area on the chamfer (SKF03) this value is much [ower
at 15 at %. This is umsual and provides sigmificant clues to the form of the visually identified deposit,
it iz of a high surface area type and has formed within a relatively recent timeseale, a8 it has not been
contaminated in the manner the ofher regions have experienced.

Minor Elements

Small surface concentrations of Ca, Na, F, K and N are detected on all specimens. Ca is often
assnctated with tap water and ig slightly higher on analyses recorded from the bore than the chamfor
regions. F is significantly higher on analyses from the bom: than the chamfer and it is not possible at
this stage to epecutate on the source of this element. Na is a cormmon contaminant from physiological
medin snd does not vary significantly between the different specimens. Likewise the N levels seem
fairly consistent from one to another. K is significantly higher on the specimen SKF03 and thiz moet
likely indicates it is intimately associated with the cormosion product. In other sampies the higher
surface concentration of carbon attenuating the K2p signal.

Chemical State Information
Although most of the high resolution spactrs contain little information of spectrogcopic significancs
the Fe2p, Ols and Cls spectra are particulatly informative,

Irom 2p Specira

The 2p region recorded shows both the Felp3/1 and F22p1/2 componenes resulting from the spin orbit
gplitting of the FaZp electrone. The binding energy is congistent with the Fe(TII) state and this is
confirmed by the presence of Fe2p3/2 satellite sbucture on the higher binding energy side of the valley
between the Fe2p3/2 and Fe2pi/2. Thua the outer regions of the deposit (at the depth analysed by
XP8, ca B nm} is Fe(Tll) atate in all cazes. Fe(III) is the equilibrium phaee likely to be formed in an
excess of corrodent (oxXygen of water), in a reduced partial pressure of oxygen Fe(Il) 19 more likely to
farm.

Oxygen 1& Spectra

In the case of spectra SKF01 and SKF(2, the Ols spectra [fignres 8 and 16] have two well defined
companents at approximately 530 and 533 eV. Snch observations are consistent with axide and
hydroxide components, indicating that the terminal phase is most probably FeOOH. This is the
reaction product associated with the corrosion of iron in an agueous {damp) envirorment. Indeed the
exposure of pure iron to water vapour in clean, UHV conditions gives rise tc a thim film this compound
a8 does the expogure of mild steel to the ambisnt environment for short times of & fow days.

The other spectra, SKF03 and SKF04 have an altogether differgnt form of O1s line [figures 24 and
32]. In these cases the oxide component at 530 2V is dominant and the hydrozide contribution is
merely observed as a broadening on the higher binding snergy side. This is consiatent with an oxide
formed in & dry environment, possible at a slightly elevated temperature. The FeZp and O] data taken
together indicate that the non-discoloured region (Specimen SKF(4) is probably a thin (passive) film
of FezOn formed during the production process. The corrosion product (SXKFO03) is of similar chemical
composition (FexO1) but of 2 more voluminous physical form.

10 . . & SKF Enginewing & Fewarch Camre 2.V,
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Carbon 1s Speeira

In all cases the apectrum iz centred at a binding encrgy of ca. 285 €V a5 expected. This is the position
typical of adventitions carbon and for charge referencing purposes this can be set to exactly 285.0 ¢V
if required.  All spectra have s higher binding energy component centred at approximately 288 eV
which is anributed to cathon bonded to oxygen in the formi C=0. In the case of the kwy carbon
concentration (SKF03) thna iz associated with polar carbon adsorbed from the atmosphere but in the
case of higher carbon concentrations such those observed on specimens SKF01, 02, 04, such polar
contnbutions would be swamped by the apoler carbon, This leads to the conclusion that the source of
carbon on these samples is something other then the usual adventitious matarial, i.e. a specific source
which inchudes a carbonyl functionality. .

Conclusions

The analysis by XPS of four regions of “Inner Bearing Ring #11" enable the following conclusions to
be dmwn:

s The characteristics of the analyses taken from the two regions within the bore
(“darkened red area” and “light red area™) ane very similar,

» Thess two analyses (SKFC1 and 02) show iron in the Fe{III) state and equivatent
gomtributions of oxide and hydroxide which would ariss from the formetion of 2
FeQOCH phase in a damp envitonment:

Fe + HzO — FeDOH

»  Fey03.2H;0 would have a dominant oxxde comporent of the O1 5 spectrum but cannot
be completely ruled out.

s The sucface concantration of F ia significantly higher for the SKF0t and 02 specimens
than for SKFU3 and 04,

» Analyses taken from the chamier region {SKF03 and SKF(4) both yield O1s specta
dominated by an axide component, consistent with the comosian product (SK03) and
passive film (SK04) having formed im 8 dry environment, possible at elevated
{=mperature.

s The commmon product o the chamfer (SKF03) iz of a high sueface area and has not
been exposed to gross hydrocarbon contamination (e.g. oil} since its formation.

w The surfice concentration of potassium is higher in analyses taken from the chamfer
than the bore.

SKF (1353
B SKP Engincering & Research Cenire BV, 1
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SKF Comment - oy Aidan Xerrigan

The first and second conclusiona in the report frotn the University of Surrey state that the species in the
two positions of the borg of the immer ring (at 0° and 180) have similar characteristica and match those
that would be expected from the formation of FeQX0H in a damp environment,

The third conclusion, which states ‘Fe203.2Hz0 would have a dominant oxide component of the Ols
spectrum but cannot be completely ruled out’, has been stated by the University of Surrey as there is 2
gmall possibility that the oxide is Faz(;.2Hz0 rather than FeOOH. However, as is implied by the
formula, Fes05.2H,0 is glso formed in a damp envimonment. Therefore, the main conclusion remains
that the oxide gpacias found in the twn positions in the bore were formed in a damp envirommant.

SKF 00356
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SKF0I Darkened red arca in bore
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SKF (2 Light red atea in bore
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SKF 03 Free-standing red area on chamier
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SKF04 Mon-discoloured ares on chamfer
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ArvinMeritor THUs from the Field:
X-Ray Analysis

Absiract

Three THUs were returned from the field after running for approximataly 504,000 miles.

The units had not failed. An x-ray investigation was performed on selected inner and outer
nng raceways in order to determine the degree of material response to the application

conditions.
Project background

Threa THUs from the Field were returned to SKF after
rurming for approoamately S00,000 miles. Thees have heen
Investgated in ERC and reportaxd hers are the resuls of the
Z-rBy investigation.

1 sheruld be noted that the THUs had not failad.
Objectives

Te determine the fatigus smhus of the THUs after 500,000
miles in the application, 1ming ¥=ray analyzis.

Main results
Sae "Main conclizions and mesmmendations”
Mait conclosions and recommendations

The investigatad inhourd inner cing of unit 913279 did not
show evidence of the scoumulatiom of rolling contact

frtiguc damage to any significent extent at the cenire of the
moeway.

The inboard inner ring of wnit 913287 showed evidence af a
change in the residual stress profile in te Roeway wowvands
ty edge of the overrolled teck at the thinner end of the
inner ring section due to running in the application. Thi
change was in the farm of the development of &
COMPTERive stresa in the nest mmince region, which
represents & materind responss to rolting contact futigoe-
Howaver, the Ine breadening parameter (/B ratic) had &
relatively high vaius, indicating ooty 4 limited
scevmuletion of Btigos damnge.

At the other mexsured pogitions of the inbaard inner ring
arxl ail positiong measured on the cuthozrd inner tng of
unit $18287, thetw wap 1o svidence of cignificant masertal
regpone 1o rolling cottact fatigue.

The inbcard raceway of the outer ring of unit 918287 gave
an indication of surface ftigus, although the response was
not aa clear na that shown by the inboard inner ring (ot the
thinner end).

The cuthoard mceway of the outer ring of unit 915287 did

oot give an ihddcation of a llgmﬂr.am material respoitss b
Tolling comact fatigpoe

In summary, none of the THY components measured
showed any evidence af the accumulation of sub-murface

fatigue from the Harerian etress indueed by a rolling contact
in the ppplicaton.

© SKF Engineering & Eaearch Comire B Y.

Baezd on the residugl siress profiles, there was evidencs of
4 material respomas it the surface or nesr murface of the
inboard imer ring raceway smd the inhoard outer ring
raccway of unit 918287, Inthe abaence of » sub-surface
fatigue reaponss, this would suggeet that surface initint=d
fatigue veould ba the most likely tailure mods. However, it
s noted that the Tine breedemitg parameter (WE ratin}
remaineg at & relatively high value, Indicadrg only a
limited accurmidation aof fatigue demage at the mrface or
near durface region
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1 Background

Faur THUs wers supplied o ERC for investigation. Three
wens roturned from the field via the muck flzet operator
Boyder and oze unit was » new, tmnon wnit for basaline
measurements. All units had bean manufactired by SKF
Aiken.

Tha three umits from the fisld were murked and entsred i
to the BRC systcm a follows:

"Ryder Right Unit 15279". The box was marked * 596,184
miiles” but the tag on the unit was marked '569,184 miles'. -
1t was decided 1 use the enileage marked on the mp. All
compenents of the unit wers supplied, although the isner
rings (TRs} were not marked 2s *inboars]® or “outhoard",
This hit was given the ERC code 02MRODZD,

*Ryder Left Unit 31757". This unit had coverad 560,228
miles. The inhoard fnnec ring ([R) was oot supplied. This
unit was given the ERC code (GEMRO021.

'Ryder Left 1nit 51828T'. This umit had covered 591,711
miles. All camponents. of the umit wera supplied. This uni
wai given the BRLC code 02ZMRODIL

The e, unmum unit waa delivered complete and given the
ERL wxie 02MROQ13.

Based on the mformation supplied to the project team,
woupled with the results of the vieusl inspestion [Ref. 1] and
greane arealyeix [Ref.2], 1evera] investipntions wara
pecformad on selected compaienta, [t ahould be stated that
the thre uhits returned From the fickl did nat show any
evidence of epalling fakigue on any of the reoewnys or
cracking ut the Panges.

Baged on the obasrvations of recewny damage and the
poaiticn of the seal comtact an the TR, it wes determined
which of the ummarked [Ra supplied with unit 918279 was
the inbeard IR and which was the outboard 1R

A primary interest was to determine the material response
by the rolling contact fatigne (RCF) conditiona by x-ray
diffzaction. Prior to this, the raccway and other marfagey of
the units were examimed in the scanfing olectron
microacope (BEM) [Refl3].

2 Materinl Response Investigation

The investigation of meterial reeponse to rolling contact
fatigte (RCF) comprised of twa compemani= determination
of the nesidunt strees profile and mossurement of the change
in line btvaderning of the &ffraction linea.

Chremium (Cria) radiallon is used for the determination of
the regidual giress [R=F4]. The ¢aleulaled pensiration depth
of the radiation ussd wag of the order of 10 pm. The
regidual stresess were determined by Ime shift inslysis on
the {211} martensite reflection wing the sin*F method
The rexidual stregses are axpregsed in MPa.

4

The measured width af the {211} diffraction tine in zn
unni component deperds on a mimber of fhctors, such as
the amount of carbon in solid solution as a result of 1he
herdening heat rentment During RCF, the width of the
{211} diffraction tine can decrenss, due to the acewmulaton
of migro-plastic defarmztion ie. Btlgue. The measurernent
ofthe changes in the width of the 1211} dif¥metion line iz
cplled “line brosdening', atthough it should be noted it s
tha decreate in the width (i.e. broadth) of the {211}
diffraction line which is meaured,

The chanpey in diffraciion line broadening are 2xprezed ax
the /B ratio, with ‘b* being the diffraction line-breadening
ws meamired at the location of interest and *B* being the
diffracriom line-broadening as rwasured in the unem
companent (the unatTected region) ot aquat depth pogitionz.
For this reasgm, the wrmun unit was mtatured 23 a baseling.
Fen the through hardcned 1Ry, only e baseline
menpirement was required. However, far the induction
hardened outer ring (OR) racewayx, bath the inboard and
outboard ruvaways were measured.

In crder to ilustrate the infomoation which can be obtained
fram x-ray analysin, two examples are shown from previous
Invesfigarion in figures ! and 2.

Plgure 1 shows the residual strem profile and /8 profile
for the IR of a tested, but mnfailed, mper roller bearing
(TRR). In the unrun conditicm, the 1R hax a high
compressive sirexs st the qurface

(depth = zero} which is typical and due to the hard
machining operations perforrned after hardening. The
residual stress becines tenile 21 & depth of 10 um, which
would be expectad in o martensitically through hardened
Ting. Al desper deptha, the profils is basically neateal. After
1e5ting, it can be saen that & compreasive regicusi stross of
relatively hiph magnimde has been developed nt & depth of
appreximately LM pm, which was the: depth of maximum
shear stress (z.). [t can alko be see=n that the &B profile alap
reduces balow the surface n o smmilar wey to the residue]
atrcss profile. Hoth the residuel strees profile and BB
profile indicate a clear matrinl responss to the sub-surface
Hertzisn sitess experienced by the 1R, due to RCF and it
wiould be anticipaled that thie TR would fil by sub-surface
initigted spalling,

Figure 2 shows e separato cane, alsa fir o TRB R, bt
tegted under different conditions. In the v condition,
the [R has the experted esidunl stress profile of o
mertnsitically through hardened bearing componest. After
testing, it can be seons that 3 compressive regidual siress hes
developed st the surfsce at deptha between 10 pm and

50 um with & enall dip at 75 pm. The BB profile alea
shows decreasing values from g depth of 5O m up ic te
surface. In this cado, it is the surface or neer surBu region
which ia showing a materinl responze to the RCF conditions
and it would be anricipated that surface mitated spalling
would be the fuilure mode. ¥ should be noted that et 75 pm,
there ik & material response in that the tedidual stress profile
shaws & small dip but the W/E valoe at this depth io at 1.0,
indicating thm nie significem fatigue respanse was cvidont
at this depth.

% 3KF Enginaging & Resarch Cenme BV,
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It ahould be neted that the quoted accurscy of o reaidun!
gtrezs measurement is 50 MPa and this should bz mken
into account when drawing conclusions about differences
between unrun and nm bearing componits.

As a guideline, when the B rutic reaches a tevel of (.90 or
lower, this i taken as an mdication of chastgea in te
microstrucinre due ta Stigus,

It ¢an be seen in Ngurad | and 2 thet the magnitude of the
changes in the regidual =vess and b'B tata in these grfajled

ia sufficient ta cleary indicate aob-surface
fatigue {figure 1) end surface, or near arface, ftigue
{Bgure 2}. Alao, further decreasces in the reeidual stress
profile ind bfH ratio, in the region of Rtigua, would be
anicipated before a fatigue fallure ocourred in either
componont.

Thea reatts of the x-ray inveatigations cen be seen in
figare 3 and figures 5 to 14, [t should be noted that the
depth of meximum shear strass (Zy) has heen smted to be
0135 mm if the truck ia ddving straight ahead and 0.206
mim for comering with 0,15z, For the [Ra, the
circutniferential position af the meagurement wan taken as
the highest Inaded zone, ap could be obssrved bry the marks
from runming.

Figure 3 shows the rexidual stress profile of the wnn [R,

" which wes 1med a8 a baseline for ali TR measutements. The
profile has s kigh compeessive sresa at the surface

{depth = zero) which (s typleal and dus to the herd
machining operations performed sfter hardening. The
recidusl giress bocomes tansile at & deptly of 1O wm, which
would be expected in @ martensitically through bardoned
ring. At decper dapthe, the profike in hasically neutral
Figure 3 alao shows the retidual stress profile of the
inboard 1R of unit1 91827% end it should be noted rthat this
peofile waz meesured in the cantre of the raceway. Thero is
4 compressive streag at the surface and the remainder of the
proflle Barically follows the unrun profils, with some
deviation, cilher due 1o the application canditiong or the
accurpey of the measurement (2 5 Min), This figure als
shows the “b/B" ratia, which i¢ & comparison of the line
broadening of the IR of wnit 918279 uead in the epplication
with the vnrm [R. [t cam be s2en that the VB ratio fa
relutivety high, never dropping bekww 0.95. By definition,
the b/H ratio hos 2 masdmum valus of .40 and the profile
showr in figure 3 would indicade that very listle fatigne
damage can be obacrvad kn the cenire af the inhoard IR,
from umit ¥1§270.

Linit 916279 had run for 569,184 miles. 1t wan dackied 1o
invastigate the lengest running unit i.9. 918287 which had
Tun for 591,711 miles. As a further refinement, it was
decided to meamoe the profiles in three positions on the
racewny, a3 illustrated in figure 4. For the IR, measurad in
the higheet loaded zooe, Position 2 was tha aentre af the
riceway (13 mm], Position 1 wag at the thicker section

{13 mm + & mm) and Position 3 wag at the thinher saction
{13 mm - 6 mm). For the ORx, the same three positions
were measured, with Poxition 2 at the centre of the racevay
{13 mm}, Position 1 ut the thicker xectian (13 mm + 6 )
am Pogition 1 m1 the 'thinmer® ssction (13 com - 6 mmy). For

% SKF Enginesring & Rescurcl Conte BV,

the inboard OR receway, the section can be said to be
thicker of thinnee ut thin ia leas alear for the omtboard OR
raceway. For the unnmn componemts, the baseline residusl
stress measurement was made at the centre of the racewny
i.c. Pegition 2.

The residual stresa prafiles and BB mtic of the inboard IR
aré ehown in figures S and 6 with the coaivalent results for
the outboard IR shown in figuree 7 and 8. As before, the
resulls ware compared with the profile from the wun [R
Figure ¥ thows evidence of metserial response in the near
surface regiom. This was evident in Position 3 end can ba
so4n by the generation of 8 compreasive siress at depths to
atemmd 75 pen, The ganeration of campressive strasies et
the newr surface in Position 3 indicates some matenial
rEsponae in this region bt the high vatues of W8 (>0.9) in
figora § show that there was only a limited acommuletion of
fatigue. At desper deptha on all three profiles, 2nd as shown
by the bB ratio in 6, therz ia no svidetice of & regponse to
the sub-surfice Hartrian contmct sress and, hance, no
indication of clesvic sub-mrtece RCF fallure in thiy imit,
Figurea 7 and 8 For the autbosrd 1R of this uni do not
indicate my evidence of the scommuloion aof sither mrface
or sub-mrrface fatigum ag the profiles do not ditfer
gignificantly from the urtnm IR and the /B ratio remaing ai
& high level i= abave 0.9

The bassline meessurements far the OF. racewnyn of new,
unrn unit are shown i figores 9 and 10. In figure 9, it can
bé san that the inboard raceway har & high comprensive
strews gl the surface (deptk = zoea) doa tn the
bardmechining proceases. At decper depths, te residual
stress is compieasive, as would be expectad in a nurface
induction hardened comprnent, ined the sress has g
magnitude of 300 to 350 MPs. For the cutboard raceway,
the residun} siresa profile, figure 111, hay the sme
characierietios ux that of the inbotosd mceway axoept that the
magrituds of the compreasive stress in the induction
hardensd gurfice shows more varietion and tandu to have a
lowrer vahae_ This difference in residual sress {s Yooy re
mtem from slight differences in the induction hardening and
tempering procean This is also indicuted by the line
brvadening messuremnents, which wlso show a slight
differencs, The iboand racoway had o line broadezing
value of sppronimately 7.5 while the outboerd racewey hind
a value of approximately §.10.

The rexidual stress. profties ind B proflies for the inboard
and outhoard racewnys of the OR, of imit 91 8257 are shown
infipamea 1110 14

Figura 1| shwws the residual sowes prafiles in the three
positians on. the inbosrd recewasy. The mugnitude of the
compressive streas it the srface {depth = zere) is slightly
Tower than that megaured ir che ursrun uiic At tie second
fvedirarnent position, st & depth of 10 pum, all duee
profiles show & stigitly higher magmitude of compressive
stress nE compared to the new, urmrun unit at the same depth.
Thiz wouid mndicate some material resporas i this region
but the relatively high velues of /B, in figure 12, show thet
there was only a imited accumulstion of fatigus damage.
At deeper deptha, the peofile=s do ot show any stong
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features, with camprexive srenssg of the erder of 250 o
300 MPa. The b/B profiles fur the inboard ncewny sre
ghawn in figure 12 and these indicate anly w limited
rexponse tp RCF as the vahues tend to be high, lying
between 0.50 and 1.0. It iz noted thet the lowest WA values
are Bt the surface

The residual stress and WB profikes for the outboard
raceway of the OR. of unit 918287 are shown in fgures 13
and 14, Ag in the new, onrun unit i can be 3=en that tha
magnituds of compresgive stress fandz to be lower in the
outboard recoway as compared ta the inhoard racaway. The
rogidug! stresa profilen de not indicats a strong responisc to
BCF, although the variation in the beselina resigual stress
proflke makes it diffic ult ta conpess It is noted that the h/B
profites in the three positions, figure 14 tand ta have valuss
above 0.0 i.¢. only a limited sccumulation of fatigue.

3 Maierials Response Conclusions

The mvestigated inboard inner ring of unit #18279 did not
show evidence of the sccumulation of rolling contact

fatigue damage to any significant extent at the centre of the
FRCEway.

Tha inbaard izmer ring of unit 915287 showad avidence of &
change in the residual siress profils in the mcewsy wands
the wdige of the overrolled track at the thinner end of the
inner ring section due to Tunning in the application. Thig
change was in the form of the developmant of a
Cofiredaive stread in the near surfice region, which
represenis a material respense o rolling conet fatigoe.
However, tha line brondening parameter (B matio) had o
reladvely bigh value, indicating only & limfted
accumulution of fatigue damage.

At the other meamrad pogitioos of the inboard imer ting
end all poditions measured on b outbotsd inner ring of
unit 918287, thers was no evidence of zignificent material
responsa te rolling contect fatigue.

The inbeard recoway of the cuter ring of unit 918287 gave
en indieation of surface fatigue, akhough the response was
not a5 clear a8 that shown by the inboard inmer ring (at he
thinner gnd).

The cutboard meewny of the guter ring of unik 913287 did
néil give an indication of A sighificant material respanse to
olling comntact fatign.

[n summsary, ke of the THI) components maasured
showed any evidence of the sccumulation of yub-aurface
fatigue from the Hertzian amesa indueed by n rolling contact
in thea applicaticn.

Baged of the rexidun} stress profiles, there was evidence of
a material rezponse at the surfhes oF near surfazs of the
inboard inner ring rRceway znd the inboard outer ring
racevwny of unit 918287, In the absence of & sub-nurface
Tatigue responee, this would suggest that surfacs initinted
fatigue would be the moet lkaly failure mode. However, it
is noted that the line broadening parameser (WH ratio)

&

remained at a relatively high value, indiceting only 2
limited accumulation of fatigue damage at the swrface or
near surfece region.
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Meritor THUs from the Field:
Visual Inspection.

Abetract There have been incidents with THUg in the USA. Thres run units, taken from the fiald, were s pplicd to ERC
for investigation. This visuzl inspection showed that the bearings had run under poor lubrication conditions. The reason for
thiz is moat likely ingress of water in the bearings. It has been defined what further investigalions are needed to daliver the
proof Far o more definite and completc root cause for the Failuras, .-

Project background

There have been incidents with THUs in the USA. Thres
Tun wiits, keken from the field, have been rupplied w ERC
for tnvestigation and modelling. A visit to SKF Schweinfurt
was made to mepect other unfiiled es well a3 filed THLUA.
A remarkable fect is that the same type of THUs are
fimctioning well here in Europe.

Objectives

Tao visually inspect the THUR receivad from the fiald and o
define Rurther mvestigatioms,

Main results

The thriee THUs delivered to ERC had not Failed and could
still have been used in the field. Theae THUz were in the
idel condition for a determination of the applied nmning
conditions. These showed 10 have been tough for the
bearings in tanir: of the lubrication conditicns, most likely
caused by water ingress.

The unfailsd THU: in Scheeinfurt showed a very similar
appearance os the thres THUSs at ERC.

The fuited THUs in Schweinfurt showed the logical result
of what would happen o the unfailed bearings if they had
bean ueed langer,

The detailed results o f the virual ingpaction are shawn on
tha following pages of this repart.

Main conclusions and recommendations

Some of the conclusions are only indicative, i.e. firher
investigations, microscopy with hightr magnifcation
{SEM}, greans analynin and X-ray analysis, are neaded for
ennfirmation and!ar determination of the patentinl root
carae for filure. Bearing this in mind the fllowing route
cayse For failure is supgested ag the rwost likely:

L. The application conditions for the THUY were not ideal,

l.8. Looee it on the shaft, reslting in freding earrosion in
the bore of the inner rings.

1.b. High bending forces on the knuckle andfor shaft,
resulting, in fretting corrosion on bath side-faces of the
inner rings.

1.c. Poor mirtace finishing of the kmuckle s fce in contact
with the inner ring {in-board) had an necelerating effect on
the formation of fretting corroelorn. .

& EKF Engineering & Ressarch Cemtre BV,

The mcommended investigations are ongoing and are
required for the cemimmution of the follawing.

1. Water enitering in to the THU in the barefshaft position.
2.a. RemuHing in Found maimun: corrogion.

1.b. Water 2nterad alao in to the gesse, resulting in poor
brication conditions, 1.a, thin Glm.

3. The surface inituated spelling. as observed in sight THUs
in Scheeinfurt, was cased by poor lubrication resulting in
adhariva weay, smearing and muface distreas.

4. Modelling of the loading conditions could explain if
these might have contributed to 2 {temporery) negative
effect, e.g. during braking, om the lubrication conditions and
therefore have had an accelerating effect on the filure
process,

SKF 001388 3
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+ o visual inspecton.

-u Following abbrevintions are used:

Ir addition sowe faited fand unfhiled) THIS (8 failed and 5

vut-bozrd, urfailed inner rings, all 18, from 13 THL s), were examines,
2, OR = outer ring. see helow in rable 3.
«ence of a ing in 360 * with the loaded
- Rs. Ryder's code Miles Remarks
1 sl tnspection o THlsin (Ei7s2ies |18 | 273720
it E175033% 1B 685,347
~vi filed, were delivered to ERC for | CHAOGSs? | 1B 383.007
K s‘!“ z-;:t;z Binme sdditional informatian CWADTEI] 78 > Mot filed
R | Miles | Remarks 744715 i3 268.745 Not futled
B | 396.184 | 596 mileswas || L1752410 B 192.63¢
noticed elsewhersin || grra7708 I8 1.165.585
the delivered
dectments. Eirisszz i3 407.268
RETIETY Ryder 33620 | IB 482,618
| se0.228 Ryder 33627 | IB 615338 Not falted
) Ei753559 IB 438 508 Mot fuiled
Ryder 3617 |18 | 202.9%0 | Mo faried
reg bearings soma wifalled (7 THUs, Et752384 i) 308528

hie 2, were inspectad In Schweinftrt.

Miles

Remorks (v Ryder)

454.508
" 484508
474,508
i
1R S0E

Gt 08 ring kad staln
searting to flaks, g
O8 ring signs &f
creeping.

FaMe 3. Inspecied inner rings, includlng failed ones.

And 2 fortled THUS with different sealy (R-agfe), ree tabis 4,
were insprcted ix Schwainfierr, Dus ta time considerations,

]
O 7 W |
=

]

de m——

Good comdirion

ihese could anly be brigfly napecied,

Ryder's cods Miles Rernarks
Ef732589 [ IB/OB | 91472 18 faited
1320¢ /08 | 169.318 1B fatied

| 15973
I 643,973

Snner cones sign of
creapiag.

| 615.973

TR R

Inner cones craeping

381925

Heawy fratting in bore.

V587025

© M43.562
| 543,562

Mo demage.

ad tnner ringr.

Table 4. T additienal THs, with d&fferernt zzais.

Later 3 new knuekle wag also deliverad, frorn Schweinfurt
to BRC, and visually mapected.

The performed ingpections showed the: following features:
I.1 Racewny appearances.

The racewnys, contact paths, of the uniilad bearings
showed in general 3 good appesranca, i.e. the bearmps
could clenrly have run longer.

Tha three bearinga delivered 1o ERC showed running tracks
being slightly shiny, sce phoiographs it snclosure §. The
shioy appearance ig an sarly szge of wdbesive wear or
surface diztress. This 18 @ strong indicatian of & not ideel
lubricaron condition. The diffarence between thess hree
bearings was ihnt the [Rs of unit no. 918279 [B (in board)
and no. 818287 [B wera elightly mors shiny and alightty
dizcoioured. The 918287 IB inner ring had also indentations
due 1o over rolling of particks.

€ SKF Enginsering & Ressmch Conire BV
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The unfoifed baarings in Schweinfirs showed o very similgr
surfieee qppearance a5 ihe tAres axapined of ERC.
At & af ithe 13 bearings, in table 3, large spalls, length =
appraximarely & quarier to @ kalf of the circumerence and
Jull widih, were presert on the IR raceway. Since ithe spalls
. were very far advanced i &t difficult 1 find the inltlation
point and herce the reason for failure, The spatls wera in
gevieral shallew. The unspalled dreas on tha raceway of the
rirgr were vary shiny, [e dvasiced adiesiva waar wirh
Plastic deformation of the finizhing (grinding) tines and
surface distress. The combined observaiians of the spalls
and the surface appearance of the remaining racewsy {i.e.
the unspafled part) gave Hie indirailon that the spalfing was
arface iniriored,

The rollers showed a (logical) comesponding appsarance,
i.e. for the wmfailed bsarings a stightly shiny surface,

For the failed bearings the damage was, logically, ina
more aidvanced stage, i.e. stronger shiny appearance and
evetr sald spallings on the ruenbag irack of the rollers.

Fer the eppearance of the roltar ends {in contact widh large
flange} see chapter [.4.

1.1 Preitng corrosien.

On several surfaces fFeiting comrogion wad abserved, these
WEIE:

- inner ring bore, All investigated rings, at BRC af wedl ax
in Schweirgurt, fretting comosion was found in the bove.
This varied from being hardly vislble to very strong in
appe-arsnce. There was a clear tendency that the ring in the
in-brard pogition had stronger Fretting than the ring in the
out-boerd position. The Fretting war, logicaliy, concentrated
in the leaded position. However, sometimes the fretting was
progont arcund the compleie circunference, b, then
moatly strangest in e Ipaded posttion.

are shown in erelogure 1, Agures 1-4.

- imwer ring side-face, thin section. All investigated rings, at
EBRC as well ar in Sehweinfior, hed fretting corrosion in this
position. In some of the rings in Schweinfurt the fretting
wag present on the whole circumfdrnce. But the general
appearance wan that this fretiing was concastzted (and
smried) at the positlons 30 * and 270 ° See phatograph,
figura 5, in encloaure 2.

- inner ring side-face, thick section. All mvestigated rings,
ot ERC s well ar in Schweinfurt, showad to have fretting
eeHTosian in this pogition. In some of the rings the
eppearance had a specific mode which could be relatzd 1o
the poor aurfece finishing of the corresponding surfacs on
the knuckle. See photographe, figures 6.9, enclosure 2.

13 Molstere corrosion.

Corrasion, mas probably due to the presanee of weter, was
found in the following pasitions:

€ SKFP Engincoring & Rescarch Centre BV,

- inner ring bare, contact surfacs with shait. This “normal”
red rust was found an almost all rings. See photographs,
figureas 10 and 11, in enclogurs 3.

- inner ring bore, thin ssetion. This <ormogion was ound in
the pagition where tha kaad had s=en applisd, 07, which
indicates the it occurmed dusing stand-gtill. See photographs,
figures 12 and 13, in enclosioe 3.

- on the clamping ring. Alse on these ringa red rust was
found. See photographs, fgures 14-17, in enclosure 4.

- on the shoulder of TR large flange. Thiz was onfy fowsd on
Jfour inner vings in fabfe 1, of which one was nat failed. On
one of the shoulders the corrotion was present with o width
carresponding to the full wideh of the seal. At the other
three shouldars the width corvespondad to half the seal
width, i.e. the outer part and on indication of that the innar
real-fip stifl kad fmedaned weil,

t.d Sldlag'wanr.

Shiding with resultant wear (smearing) was abserved at the
mrface contact berwsen the rolkr end and the largo Nange.
All investigated rings, st ERC a5 wel! ar in Schweinfirt,
showsd 10 have thic. Some, not Giled, showed to have
amall spally, i.e. material broken out. Phowgraphs arm
shown in enclonre 4, figure 18-19,

At some foilmd bearings thiz was very rrokg, with spalls on
the railer and surfacer ax well ar on the flaage. in wo
cases e flange war alto Hue cofoured By hewi.

For the sliding of the yeals ge next chapter, 1.5,

1.5 Seals X shoulders in combact.

As o roqult of the sliding of the senls on the sheuldzr of the
lnrge innet ring flamge, shiny bands were noticed on the
rings. This appearad in different severities end inspaction of
the aeals showed commaponding wesr of the szal-lips. The
wear of the seal-lips was judged as alight, i.z. mast of the
lips are still present end na indication for not functioning
could be found.

See photographs, figures 20 - 24, in enclagure 5.

1.8 rther observations.

The general appearance of the cuter nings in the THUs a1
ERC corresponidad well to what had been noticed on the
inner rings, i.a. still it relalively good condition.

In gemerz! the THUs at BRC wern judged ac THLUs which
were gtil] Amctioning well.

The oppearatce ¢f the bolks, on the three THLU: 21 ERC, can
be sean in erclozurs 6. Moisture corrosion wag present as
well ge an the large fanpge of the THUs. On the part where
the nute have bean positioned wear of the thread was
noliced. .

SKF 001380
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Omn the flange, sround the bolts, it could be sean that the
poitioning of the wheela on the THL was off canire.

The inspecred, unfailed. bearings in Schweinfirs, table 2,
fhad alro been inypecied by Ryder. The following
discrepancies in the resulty of the inspechions were noliced:
At one ring flaking had bean noiiced by Ryder but eowld net
be found.

For some rings creeping liad been observad by Ryder tu
war afes Aof found,

Some photogrephs of the in Schweisfirs briefly inspecied
&earings, from kabie 4, are shown in enclosares 7-10.

The resubs of the inspections performed by SKF in .
Sehrwein fim are conforming very well with te regults of
the inspections performed in BERC.

© 3KF Engincering &. Reptarch Cenitre BV,
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Eficlogure L.

Fig. 1. 918279-H (IR) showing rather sirong fretting
corragion in the position where the load had been applicd.
The 918270-A (OB} ring had oo fFetting.

Fig. 2 21E179-B4{[B) showing na fretling i the opposite
podition, where ni2 load had been applied. Here the slight
dizcolouring of the meeway, loaded zonz, is visible.

Fig. 3. 918287-IB ahowing rather srong fretting corrosion
in the pogition whers tha load had been apphied.
The #18287-0B ring shewed a very similar appearance.

Fig 4. 818287-18 showing slight fretting b the opposite
pasilion, whers no loed had bees applied. Here stight
discolowming of the caceway, loaded zone, is visible,

& SXF Engineering & Resesrch Cantre BV,
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Enclogrs 2.

Fig- 3. Bearing: 91828 7-IB. Side-face smull lange.
Fretting pesitioned ot 90 * & 270 ° from Inaded zone.,

Fig. 5. Hearimg: $18287-1B. Side-fice large flange.
Mormel appesrance of the complete circomizrence.

Fig. 7. Bearing: 213287-1B. Side-faca large Mangs.
Spccial appearance locally. Only on the 1B tings.

; i

Fig. B. Bee Ggure 9. Rad siquare 4t h;hurmmuﬁm-m )
This appesrance was present in oo pagFitions oppasite <ach
¥ other, spproximeely 180"

OKF 001383

Fig. 8. Red sguare chowing position of figure 8.

@ BKF Enginmering & Research Cenie B.Y.




EXTERNAL CUSTOMER
Report NLD2TS03s

Enclogura 3.

Fig. 10. Bearing: 31 7572-1R-0B, 907 fom loaded zone-
Showing moigturs corrogicn in the bore,

Fig. 11. Bearing: 3175 72-[R-OH, 270 * from loaded zone.
Showing maoisture comrosion n the bora.

Fig. 12. Bearing: 91E287-18, bore is loaded ons.
Showing the maoisture corrosion in the bore at the thinnest
sacion of the ring.

Fig. 13. Bearing: 9181R7-1B. Shawring the moishure
corroaion in the bore ot the thinnest section of tha ring, as
shown in fig. 12

& BKF Enginesring & Research Centre B.Y,
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Fig. 14. Clamping ring from no. 918279,
Showing the presance of moisture corrogim.

Fig. 5. Clamping ring from no. 918279,

Shewing the presence of moisturs cormosion.

Fig. 16, Clamping ring from no. 918287,
Ehowing the prasance of moisnre comrosion.

Fig. 17. The bare of the clamping ring from no. 318287,
Showing the presence af moisture commesion.

e

Fig. 19. Bearing: 918287-1B-roller end

10
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Enclogure 5.

R TR e A

Fig. 20.Bearing: %18279-B-(IB), Large flangs shoulder.
Showing the wear markns where the aeal-lips had been in

comiact.

.

Fig. 21.Bearing: 918279-8-(18), Large fiange shoukder,
Higher magnification af fig. 20. Showing the wear marks
where the outer seal-lips had beea it contact.

L

Fig. 22. The seal out of 317572-1B.
Lips still almag ag new.

Fig. 23 The soal out aEF13279.[B.
Yary slighdy wom ouisids lips. nadde lip (in podition of the
gingle white dots) hardly visible since grease is remaved.

Fig. 24. The sepl cut of 918287-1D.
Bhightly worn outside lipe
The “dimt" is dark grease. Mogt being wiped off an the seals

Lip inside. Single dot in fig. 23

Lips ontxide. Triple dot in fig 23.

in Hgures 22 and 23 hefore photogrephing,

€ SKF Engincoring & Rescarsh Cortre B.Y.
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Encloaure 5.

Fig. 2% Showing the appeatunce of balts in THU no.
218279 Approximately half of Ihe visthle part of the balts,
closest to the flange, is showing wear ofthe threads.

Fig. 30. Showing the appearance THL na. 317572, The
bolta being samenwhat mors cormded than in the ather o
THUs. Tha carroded area on the Aange around the balts ars
showing that the wheel 28s been positiomed off center. Thin
wad the case fby o]l threc THUS,

Fig. 31. Showing the appearsnce THU no. 918287, baing
rather simtier a2 no. 918279,

SKF 001397
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. Enclogurs 7,

Clzim no.: E1752589. 81,572 mikes. Fatled inboard (1B}
inner ring. With an O-ring on the spindla. The seal hac @
mounting defect.

The OB ring in this THL! had only slight fetling in the bore
al the loaded sren, {07, and slight wear on the Range/raller
contact surfaces,

o
T -

_ b prdl T
[Fig 35. LB ring. Unlosded part.

- SKF 001368
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Claim no. 33204. 109.2 18 miles. Failad outboard (1B) inner
ting.

The OB ring in this HUB had only slight fretting in the bare
at the lorded area, {(F), and slight wear an the flangefroller
contact aurfaces.

Enclogure B

Fig. 37. 1B ring. Bor= loaded part, (7.
Fretting (nod posaibly commosion) present.

Fig. 3€. IB ring. Bore loaded part, 0°.
Fretting {and pogwibly corroian) prasmt.

[ Flg_38.1B ring. Hors 61 90", Soms Fretting prosent.

Fig. 19. [H ring. Bore unlcaded part, 180",
Frotti nn p

| Fig. 40. [B ring Bore ar X7 Clean wrap

SKF 001209
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Enclogurm= 5,

Flg. 4L. 1B ring. Bore Joaded part, (¢, Fig. 42. IB ring. Bore londed part, 0°.

and p 'bl f COTTOR Fretting (and possibly corrosion) prasant.

_Fig. 45. [B ring. The spall in loaded area {0F). | Fig 46. 1B ring. Unloaded area (1207).

SKF 001400
& BKF Engineering & Hogenrch Certre BV, 15
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Enclosurs 10,
Pig. 48, Claim np. 33204, 105,318 miles.
SKF 01401
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ArvinMeritor THUs from the Field:
Final Report

Abstract  This repordt summarisés the various mvestigations which have been performed to assess
the degres and nature of the damage on three THU3 returnad from the field afier

approximately 500,000 miles in service.

Main conclusions and recommendations

Inveatigation of the materizl responze o mlling contact
Fati goe showed only a limited accumulation of fatigue
demape, paing e Hine broadening poramter (VI ratin), ot
the depth of maxinmum Herizian strese for the inner and
ouer rings mvestigared. Based on this, it is unlikely duat
cluasical sub-surfane intinled Batigue will be the ‘Ll
limiting* faflure wuode in these THUS.

‘The muterial respanee regilts also indicats that the material
aned heat trestment cpmbinations for these major
components were sitabls for the tearing loads experienced
in service, fom the poind of view of clezgioal, sub-surface
initinted failure.

[n undt %18267, the inboard innes ring and inboard outer
ring showed some materia] reaponse at the surface of near
surface in thet a oompresive sress was penerated in thin
Tegion. Denpite this change, the line broadening parameter
(/B catio) remained at o relatively ligh level, indicating
only a limited accumulation of fuigus damage o the

mer faee.

Despite the ebove statement, the visusl and SBM
investigationy showed o aumther of typed of surface domage
which had bean nosrmulned during rumning in serviee. The
racewzys, in geneml, showed evidance of surface distress,
akthough this had not tetally romoved the Anish machining
marks. Detiting, chue to ovarrolling of particlen, wag ziso
chaerved i the mesweys. This was pregent & generally
distributed denting on the irboard racewayx due 1o
gverrolling of deformable partcles and elso an more
localised danting and move advanced surface distrade in the
forms of bands at the sdges of the coatact, mainky on the
outboard raceways but alen virible on somw inboarnd

v Cvps- 1t i moed that one inbowrd oo Ting Tuceeay
had maffered localised icrospaliing on ane band of
advanced morface distrens.

The noface damage indicates a lubrication regimes which 3
net optimum, either in terroe of Glm thicknesa or in termae of
chanlitts with reapect b comtuminut particles.

The grease from all three units was found to coatmin water,
in 2 proporticn of & 124 ta 1. 5%, Althcugh the =ffect is
difficult to quantify, in terms of lubrication properties in the
application conditions, it is sivongly yuspected that the
wititr contamination of the gretce contritauted to the suface
distress damags by sdversely affecting the lubrication flm.

From the obawryations of the visunl inapection end SEM,
cambined with the x-ray resuha of mnsterial rexponzs, it is

@ SKF Enginsering & Fesesrch Contre BV,

maet likely that surface initintsd Fatigue will be the life
Hrmoiting' failure mode in the three THUS investigatad.

Surface fatigoe is progreagive, firet noted as surface diswess
which ibcreased in srverity until micro-spalling of the
surface oceurs. Micro-spalling can ocour locally

(e.g relnted to bands of edvancad mrface distress) or can
occur peneradly on s moeway aurfhce and, agafm, this iz a
progrersive filure nvade which can lrad & lugor sale
spalling.

It is noted that the urface dsmage on tha thres THL from
the figld was on & micro-acale, in terovs of denting snd
surface distresa, with only cne meeway showing evidence
of kocalised microspalling.

Tha bores of the ioner ringa, pactioulerly tha inbosrd innec
ringn, showed evidense of cormosion. In the position of the
higheet Joad, this wiuld ke classed an Artting correslon,
doe to the darkened appezrange of the surfice nud the
temoval of the finishing merka. An jnvastigaton of one
innex ring from the fleld showed thel the comosion product
in the bore ;1 differant pogitions had similer charactaristiez
and dhat they bad been Formind i @ Gamp soviromment

i.t. it the presence of water.

Deopite tha damage obearved ie the thres THUS, they wers
atill not cluasifisd an kaving falled. The level of damage
seen in these thwee THLE was corteinly oot advanced and
doca nat indcate the ikely specific “lifo limiting” falure
mechanien in mere demil, uhwdmhmmﬁw
mitdaied

Itmmmmmmmmmmmmfm
grease in unity from the Hicid. The gresse sample should be
teken at the time of diemmmting the THU in ordae o
sliminate doubta ahot the pick-up of maisture between
dismowting and investigation, ™ obe that the grease should
ideally coms fiom the racewsy positike o determine the
extent of thickenet iomt nd besta oil otdation in
greass that hos besn ovaralied. [nchoded in tw grease
enalymia could be pacticle annbyais, i order to indicate, if
poasiile, the xoaros(=) of indents pn the THU mcewsys.

It in recommended to determine whether the small sncular
feahoren ary & comamon occirmance tn THRS. 1f 5o, their
nemre and origin should be datermined as o means of
indicaling how their formation cam be nvoided.

Toe reults of thase BRC ivestgations should be
cixtibrined with thosa of SKF Schwainfurt and finite
clement modalling 1o detsrvine the likedihood of water
m;mthHumm:pmeformwm of
damp enviromment.
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1 Background

Three run THUS, returned from the field, and one new
unrun THL were supplied 1o BRC for investigation. The
THU identification number, cormesponding ERC
identificntion rember and number of milez covared by the
THUz are shown in table 1.

THU ERC no. Mlleage
o18279 2MRO020 360,184
117571 BIMRO021 560,228
918287 DZMEO022 391,711

New unit | O2MREO01D ZETD

Tabla 1. Invastigated THLS

it should be noted that for unit 918279, the box was markad
596,184 miles while the 123 on the unit was marke:d
562,134 piiles. [t wes decided to vae the mileage marked on
the tag

The inboard inner ring {IR) of unit 317572 was not
supplied. All compemants of the ather THLUs were supplied.

In nddition to the srvestigations on these thres THUZ fom
the field, further examples of retumed THL s ware
examined i SKF Schwemfun snd the obaervations are
inchaded im this report.

2 Summary of Investigations

2.1 Vizoal Inspection [Ref. 1]

The three THUs delivered 1o ERC had not Failed snd could
#4lL Taoww bottt used ity e Beld. These THUs were in the
deal comdition for w determinwtion of the appled running
comditionn, These showed to have been tough for the
benringa in term of the utwication conditions, mast likely
cameed by water ingrees.

Addirional visfailed THUs were visuably mapscted at SKF

Schwveinfiart and thess showed 2 very cimvilar appeainnce ag
the three THUs mupplied to HRC.

Failed THUs ware also visunlly inspeoted ot SKP
Schweinfurt and these showed the logicid result of what
wionld hayppeen ta the vafiiled besrings if they kad been uged
Ionget.

Some of the conchisfons are only indicative &5 they were
hused purely on the visual inspection of the THils. Bearing
this in mind the following rowmte csuse for fwilure is
suggested ax the most likaly:

1. The applicaticn conditions: for the THUs wers not ideal.

1.a. Leoee fit on the shaft, requlting in fretting cormozion in
the bora of the inner rings.

1b. High beneding Frrees on the lnuckle mdfor shaft,
remitting in Fretting corroemion on bath side-faces of the
inmar rings

1.¢. Poor surface finishing of the knnekle surfece in contact
with the inner ring fin-board} h2d in sccelersting =ffect on
the formalion of fretting coctosion.

The recommendad investigations are ongoeing wnd mre
required for the confirmation of e Tollowing.

2. Water entarad in to the THU in the barma/shafl poaiion.
2.a. Resylitog in found moishure corrosion.

b. Water eotered aleo in to the groase, resulting in poor
lubrication conditioos, 1. thin Gim.

3. The qurfucs initiated spalling, sa obesrved in sight THU=
in Schweinfort, was cameed by poor Tubrlcation fesulting in
adhesive wear, ameaving end naface distre

4. Modelling of the londing conditioss could #xplun if
these might have contriated 1o A (enporary) wgative
affect, e.g. dheimg traldog, on the Tobricaton conditions and
therefora have had an accelerating effoct on the failme
procas,

2.2 Bore Corrosion Froduct Analysis [Ref. 2]
for an nnalysis of the correxion produocts in the bore, Inthe
bore, at the bighest loaded position (nomdsated sa 0%, thers
was & darkened red ares, which would nocmally be clagssd
81 fretiing corrosion. However, thens waa alao a Tight red
arca it the 180° pesition, which was ragarded an wwamal. [n
gememl, the chamfer was not discolavred but there wes s
fres-standing rad aras on tha chamfer i.e2. in & non-
comecting location. These four areas ware subjected to
anslysis st the Usiversity of Surrey, UK, using x-tay
photnelectron spectroacopy (XPE). Thir technique is wed
1o decermine the chemical speciz=e by measuremert of the
chemicl bondicg energles.

Agcording ta the rexubs and imarpretarion frem the
University of Surrey, the producis i the bore of the THL
inner ring at the 0° smd 140" poaitiots had similar
charactorieticy end wers an Fe{[11) compane, most
probably FeDOH, which is forrmed @ 8 humid enviromment
i-a. in the presesce of water.

§t should be noted that at the 0° position, the finish
mathinmg masks tere 0ot soparent but ooy at 180, the
Finish machining mirka wéart dtll viible.

On the {non—enteeting) chamfer, the nom-disoaloured
sorface had an Fe;0y Lype of depoait. This was stated 1o
have been formed in o dry environmen, et a *shightly
eleviied" temperaturs, probably during heat treztment.

Tha free-standing red area o the chamfer wis enalysed and
also Ennd 19 bo an FeoDy type of depasit, agein fimmed in a
dry envirooment.

) SKF 001406
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The remilts o the 0° and 180° positions in the bore, 8
compared to the reyults from the chemfer, indicate that the
technique can differentiate between different oxide species.

2.2 Grease Analysis [Ref. 3]

The greage from the three THUs frons the fiald was not
SKF GWZ but was Lkely 10 be grease GE] i.a. Shal?
Calithiz EP2.

In general, the presss from dwe theee THU4 returned from
the field wae in good condition in that thare was no
evidence of thickewer degradativn or bage oil oxidation.
However, it should be noted that the greuse sampies were
taken fromn the outer ring at B pasition betwean the two
racewveye. The ssiwpled, thevefore, may not reflect the
condition of greass sverroliad in tha contect zane.

The saunples from the three THLs returnad from the Field
gave & cicar indication that the grense contained water. The
extimated water content in the smpies waa:

*  THUno 317572 & 19 water
=  THU no. $3EE2R7: + 1% wiler
« THU no. 91B279: £ 1.5% water

2.3 Scanning Fleciron Microscopy [Ref. 4]

The three THU: from the Seld have mfferad damage
during the = 500,000 milea in seivice ut were not
clusmified a3 having faflad There wers meny simitarities in
the charactar of the damage in the tree 1mita, slthoogh it in
ncted that the componen s of imiig 91579 and 013287
tetsded to show clearer evidence of the dewmage than thogs
of unit 317572,

Bearing in mind ¢t the inboard {iuwr ring of uzit 317572
wild not supplied, tha following geoer) statements can be
mads ca the nanxe of the ohserved dnnage.

All racewnys showed avidence of purfice distress ittt the
finish muchining marke were remerved to some sxtent. The
mrface distress, in geoaral, wag not very sdvanced sitce
ficishing marks were iill visible and theee waa no
microspalling of the nwBace. Ome exception wat the ouer
ring of unit 918287, which will be coverad later,

Small (< 5 pmo dismeter} sireilay foxhaes were ahserved on
all racewmyn but tha mechariem for their formation is nost
clear. It is noted that an the inbeard fmer rings, the features
wetd nked ta localised areas of more sdvanced aurface
distress, althcogh misrospalng was not chserved in theae
LTETTS

The inkward racewnys had smooth denta, formed by the
averrolling of deformable particles. This type of damage
WaS ot 8écn on the cutboard racewnye.

The outhosrd racwways, particularly the inner cinge, had
bends of dense Fne dening and more wdvanced surface
distress. These hands were concentrated tirwards the cdge
of the cominct, nenrest the thin section of the suthaard inner
rings or the squivilont location on tke outhoard outer rings
ahd rollers. Similar hande weare seen cn some inboard

& EXF Foginaering & Resoarch Coantra B.Y.

raceways but the degres of damage wea kess proncumeed
than on the outbaard roceonys.

There was contact between the roller sud-face end the
fange, particularly for the inkoard inoer rings. Thiz resulted
in remova! of the finiching marka, smearing and even
materiad loss from the flangs.

The fange Shouldor showed evidence of contact with the
géal fips, which had resulted i mikl aliding dsmage =t the
positicn of the inside seal lip,

On the pasitioh of the sxternial saal lip, pit-like fertures
were obwetved. Theee pits contained dust nod apparent
materinl from the seal. There may also have betn groducts
frmm mquecu <orrosion # some pita. It is nottd that some
urface cormodion wes spparent cutside the s4pl conect an
the inboard inner ring of unit 91%2%7.

The intoard ouier ring racewny of umit 918257 had
localized hunds of advanced surface distress and associated
microspalling. No other componente of the unit showed
any evidence of microspalling.

In summacy, all compooents examined showed evidence of
urfice dammge on the raceways, sither in the form general
nriace dinres; or localised bande of surface distres
aeociated with fibe indents. The inboard racewsys lud
been dentzd by the everzalling of daformshile particles imd
ali TaCEWaAYS tad wmall, micron-scale circular featurea.

Surface distress, whether general or Iocalised, indicates that
the lubrication fEim thickness is insofficien to separate tha
i !mg comact mirfacog. Surface darasa iz 4 fatigus
phenomena and, ks such, is progressive sod, over time, can
lead to microspalling, as was seen very kcally on the
inhoard outer ring racewsy of unit 918287,

The comitact betwesn the roller end-facs and the IR flangs
alvp indicsten a poor Jubricatiom fim in this region.

R in Tocommended to invoatigue whether the smail circnlar
fextures ars common to THUs sed, §E wo, to determminn their
origin in order i svoed their formation

2.8 X-Ray Analysis [Ref. 5]

The investigated inboerd mmer ring of wnit 91870 did ant
show evidence of the sccumulntion of rolling contact

Evti gt dinage tn any significant exioot at the centre of e
racEwIy, :

The: inbotid imer ring of unit 918287 showed evidence of &
change in the residual siresz prafile in the racaway townrds
the pdge of the averroiled track st the thinner end of the
inner ring seetion dus to runming in the application. This
champe wan in the form of the development of 2
colgrrasave siress in the neat surface region, which
Tepresenia & material reyponse to rolling contact Mtigue.
However, the line brosdening parameter (b/B ratio) had &
relntively high value, indicating omly a limited
accumulition of Brtigue damage.

At the other mensured pasitions of t mbosrd mner ring
ond all positiont mensurcd on the authosrd mcer ring of
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unit #18287, there was no evidence of significant matcrial
response 1o rolling comact Exigue.

The inboard raceway of the cuter ring of imit 913287 gave
n indication of Jurface Gtigue, althoogh 1he response was
not as clear px thal shown by the inboard Stover ring (ot the
thinner and).

The cutbonrd racewny of the quter ring of mit 918287 did
not give an indication of @ significant material respones 1o
roiling comtact fatigue,

It summary, nore af the THU components meamued
showed any cvidence of the accumulntion of sub-surfece
futigue frem the Hertzian etrem induced by a rolling contact
in the application.

Based on the residual sireas profiles, thece wat evidence of
& material rexponae 1 the srface or near surface of the
inbaard innty ring aceway il the inboard culer ring
receway of unit 915287, In the abssnee of o sub-surface
fatigue responss, this would sugges thet nejsce nitiated
fetigue would be the mast likely frilure mode. However, it
i noted thit the line broadoning parameter {(WB mtio)
remained a1 2 relatively high value, mdienting only a
limited acrwnvlation of fatigue damage ot the surface o7
near surfnce region.

3 Discossion

The residual strees profilse 2nd line brondening (W)
profiles meamired an the THU components show that thers
was cnly v limited meteriel response to rolling conomet
fatigue {RCF} in the wub-murface reglon i.e. at the depth of
maximurn Hertrinn etresd. This obestvation was walid for
the inboard inner ring of wmit 9182739, the inboard and
sutbosrd nner ringy of unit 918257 and the Inboard and
authierd racewnys of the outer ring of wmit 918287, Tldu
means thet the through hardensd grare 3 immer rings and
surface induction bardened grads 35 cuter tings did not
show ety olear indication off e devalopment of sub-

o tace Fattgue nfter 450,000 milos in service. Thin, in
furn, Would indicate thet the material and hent trestment
cembinations for thess major componemy were suitsble for
tha benring Joads experientnd in service, from the point of
view of claysical, sob-surface inftigeed fiiars.

Nota:

Orrade 3 is qn SKF neol dezignation ond It eguivalesd i
ASTM AQD5-08 32100 Grada 55 br alro an SKF stee!
dezignation and ir equivalent o 180 683-17-1999 xtaal
tupa BdY.

The recidual siresy profiles of the mboard mner ring (2t the
thin section} and the inborrd outer Ting raceway (at the
three mearured positions) of writ Y152E7 showed n msterial
respotse at the surfice and neer surfece region. This way
apparel dus to the development of & compraasive mrean of
# higher nragnitude than existed in the equivalent
camperent from 2 new unrun THL. Degpite this, the line
broandening prrometer (bB) had relativaly high values

6

(= 0.9, indicating only  lmited sccuomylation of fatigus
at e gurface and nesr gurfacs region, (The b/B retio has
maximum value of £ and decreases with increasing
aceumulation of fitige)

Surface futigue can be due to one or & namber of
comTibuting fisctors auch as particle contaminated
lubrication or metal-to-metal comtact, which in dom
indicelea & lubrication regime which in not optimum.

The SEM investigation clearly showed smooth indentstions
om the eewiys of tomponents on the inkoard sids of the
THLh. Smoath indents are formed due 1o the overrolling of
deformable pastiche and these perticles v typically
tnetallic. It shouid be noted that metallic particles are
deformable in a Hertzisn conmtact even if' the particlas are
hard. The smooth indents sses o6 the inhosr] meswnys
were 1ot seon on the outhonnd raceways.

The cuthoard racewnys, however, did heve baods of dense
fine demting and sceocisiad surface distrege. Thege bands
weme concenmated towands the edge of the contact, nearest
the thin yection of the vuthoard inmer ring (or the equivalent
position on the rellér and the owter cing aldyough Yess clear
on thess copponenis). The nriuce distress ssocisted with
the bands wax mare advanced than graerally sewn on eithar
the inboard or gutboard raceways. Bands of deots, at the
edge of the contact, wers also sean on the fnboerd raceways
but to & muoh lesser extent than on the outbazrd raceways.

Both inhoard and cutboard moewsya, therafors, show
evidence of indenintion by cverrclling of particles. [n the
outboerd TRcrwayn, the indonting wes on & snall scale snd
specifically at the edge of the contect, and associated with
e edvanced surface distress. For the inboard raceways,
the indanting was tn the form of general ovamolling of
defbrmnble particles with rome svidemos of similar bands
of deots at the edge of the contect.

The mceway nuofaces, in geeoral, showed vvidence of
tnoderate nofuce distrecs in that the: finighing marks wern
Temoved to same extant, sithough the deeper Ffinishing
merks were sl present. The exixtence of surfuce disress
indicates some metal-to-metal comiact bstwesa the ring
raceways and thoee of the rollars. This can be caed by
Incalised lubrication filim brmikdown, such sa in the
preeence of inderimtions, or by e result of & Tubticatiom
bilm which, in genersl, is not mufficient to saparats the
murimcen.

Surface distress iz a futigue phenomang and, as vuch, is
pragrecsive and, ever time, can lead to mictospalling, as
was sein. very locelly on the inboard oter ring raceway of
umit $LE287,

[n wmit 916279, the inhoard aner ring had glightly more
advanced urface distress as compered 1o the owbosrd imer
ring whough thin difference batween mboard md mnboard
inner ring receways was less apparent i the unii 918287,
{The inboard trnar ving of undt 317572 waa not nupplied).

The overralled tracka of the inboard inner rings of wits
Q18270 and 918247 showed that the kading tendad 1o be
towards the thicker flanged section, much that the raller end-

& SKF Engineering & Rescuch Conure B Y.
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face contacted the Amge, This contact resulted jn the
removal of the finigh mechining murks oo the Aange by
surface dintnesd, mmearing of the Manga surfucs xnd even
material loas. This would also suggest rather poar or very
thin Slm conditions wt the roller end-face contxor with the
flange.

Because of the evidonoe of genoml surfoce distress on the
raceways and st the rolle: end-face contact with the Hange,
the condilion of the grease was investignted. The FT-IR
enalyxis showed that the GEJ (Shell Calithia EF 2) grease
in the three unis from the Heid ail contaived a propertion af
water, of the order of 1%, Mote that the grease samples
were telcen from & podition between the outec ring recewayy
i.¢. inside the THU.

It iz geoerally acceptad thet water contamination of grease
ia detrimental for bearing performance, either dus to
idverzely nifecting the lubrication propertiss of the grease
or even cauging standsrill corrosion, [n the case of the three
THUz reurned froem the field, there was no evidence of
atamilntil] corrogion oo the racewsys. However, the water in
the grease may have contributed to the development of the
genora| murfiaes digtross cbaerved on the mceways and the
surface distrass mnd soearing saen at the contact between
tho Toller end-Faoe.

It in acknowledged that the FT-[R. anahyrix also mdicated
that, dempite the prosonce of water, there wis no evidence of
grease thickener degradation or base oil axidstion.
Howwver, it is noted that the sumples were taker: from a
Position between: the twe mceways of the puter ring and, as
such, may not reflect b condition of the grease overrollad
in the comiact.

The results of the XPS analysis indicated that the darkened
red prduct at the ighsst loaded position of sn imer ring
bare {0°) and the light red product in the bore (Iocaizd st
epproxinately 1B07) were both FaOOH, which is farmed im
R damp environment

At the " position, the finithing manks were naot visibie a:ad
this demage, i combiration with the darkened red area,
wisuld be clamified s fredting conmerion. At the 180°
posititn, the fmishing marls were atill visible, dsgpite the
Tight red deposit at that lecaton.

It ix norted thet the THU has & looae fiton the imer ring.
Aroardmg to infermartion received [Ref. 6], the maximum
specified spindle dumeter in 54.576 mm while the analles
spegified inner ring bare is £4.985 mm, giving a difference
of mimimaem 9 wm. This would suggest that & space oxists
for & hurnid memaaphere t fowm betweoen the imer ring and
the spindls.

The investigations performed cannot deaw definitive
cimciusions regarding a link betweem the damp
emvirormment between tw pindle and the mmer ring bove
and the presence of water in the greass. It is noted that
finite element modelling of the dynamica of the THU may
indicate pogsihilities for a physical link betwesn the gresse
tide the unit and the environmen betvrsen the spindle and
the inner ing bore.

© SKF Engincrring & Rewarch Centre B.Y.

(1t ls noted thet an investigetion in BKF Schweinfixt [Raf.7]
has foumd evidenca of cormmgion pits tn the outer ring of »
unit retwrned Brom the ficld and concludes that water
enecred the uait rom the cutboard side. The type of damage
semn in this wnit wis st abgerved in the thres units suppliad
to ERC for investigation).

In the three units supplied to ERC, there was evidence of |
corresion on other surfaces of the unit in that the clamping
ring chewed clewr evidence of red rust (moisure corrosion}
ona ing surfuce. In the SBM ioveatigation,
mmall ph-like fantures were asen on the flange shoulders
which may have contained the products fiom aqueous
comomon. It is noted that soaw pits alse cootained dust
partic les and may also bave cortained rasterinl from the
seal.

The rmall circulsr faatures obseresd an the meawsays in the
SEM have e similer appearance to alecirical crostan
demoge but do ot exhibit the "'meled” microstrucihres
typicalty snsociated with this fonws of damage. Using the
SEM EDAX fucility, it was possible to determine that thape
femtures were not cartrides, which 1o grade 3 have a
meagurably higher chromiuvm cosrterd than the matrix, Phs
the fact that the size of dws smal] sircular features tended to
b larger than the carbides in grade 3, which ars typically
Jean than | pm in diameter. The BEDAX investigation aiao
shooved that the emei] sivcular Festures were net relzind o
inolusiona

Th# rmyechemian of Extration of the miceon-scale circular
mlonﬂlnqumilmclw,mistbepﬂelﬁl!ﬂﬁmt
on bearing performance. As with dems, it can be speculated
that the enell circyler features contribute 1o B localizad
breskdown of the lubrication fm and, hence, promots
metal-to-nsets] coinct ered surface Bitigue.

4 Condusions and Recommendations

Invesrigation of the materinl response ta rulking contant
Faligoe showed only a timhead acoumulndon of fatigue
dwrsags, uxing the line broadeoing parsoeter (BB ratic), al
the d=pth of maxinun Hertrinn etress for the nmer and
outer rings invedtigated. Aaned on thiv, i is unlikaly that
classical sub-surfocs mitiated fitigos wid be the ‘life
limiting” failure mode in thess THa,

The muterinl responss results slao indicate thet the materinl
and hesrt restment combinations for these major
compenaivit were suiable for the bearing fomds expericnced
in service, fiom the point of view of claasicel, mub-surface
infuated fixilurs,

In unit 918287, the mboand imiee ring end inboard outer
Ting shewed soone marterinl responas at the surface or nesr
surface in that & compressive STems Wid ganscated in this
rogion. Despite this change, the live beoadering paramneter
{b/B ratio] remained ai a relatively high level, ixdicating
only a Emited sccumulation of filigue damage at the
surface.
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Bespite the abeve soatement, the visusl ind SEM
investipations showed a number of types of surface damage
which had been secumulated during rurming in service. The
raceways, i general, showed svidence of surface distress,
glthough this had not wmity removed e Fnisk machining
marka. Denting, duc to overrolling of particles, was also
cbeerved in the raceways. Thic wan present as generully
digtributed demting o the inboard racesvays due o
avarrotling of deformnhle particles and also g mas
localised denting and moge advanced auface distress in the
furm of bands a¢ the edges of fhe contact, mainly on the
outhaard racewnys bt alao visikle on some inhasrd
raceways. [t ia noted that one tboard outer ring meewey
had suffered locnliced micropailing on ot band of
advanced surfaes dintrens.

The surfacs damage indicates a lubrication regime which is
nat optimurm, either in wems oF flm thickneas o¢ in terms of
eleantiness with respact to contarninans particias.

The grease from sl] thres units wan found to contzin water,
in n proportion of & 1% o 1.5%. Although the sffect in
diiflcult to quantify, in terms of lubrication properties in the
application conditions, it & strongly suspected that the
water contamination of the grease contributed to the aurfacs
diztress domage by sdversely affecting the lubrisation flm.

From the absereations af the visual inspection and SEM,
combined with the x-Tay remlts of materin] respote, it ia
most likosly that surfece initisted Fatigue will be the “ife
limiting' faiture mode in tiwe threz THUs investigatad.

Strfuce fatigue ie progressiva, first noted as surface distresa
which increased in severity uttil micro-spalling of the
surface ooctm, Micro-spalling cam accur locally

(e.8. relut=d 10 bands of sdvanced surface distram} or can
occur ganerally on & racewny surface knd, again, fhin in a
progressive fiilure mode which can laad to larger scale
apal]in;.

[tia poted thet the surface dange on the three THLs from
the fizld was on & misro-gcale, in terma of denting and
surfiace distrene, with only one raceway showing svidence
of localised microspaliing.

The horey of the inner yinga, particularly the inboard inmer
ringe, showed wvidence of corrosion. In the pokitian of the
hilhmlmd,miumldbulméuhﬁnlmﬁm,
due to the durkened appesrance of the murface and the
remaoval of the finishing marks. An investigation of one
irmer ring from the field showed tha the comrosion products
irv the bore at different positions had similar charecterintics
and that they had baen formed in a demp snvironment

i.e. in the presence of water.

Despite the damage obwerved m the thiee THUS, they were
aili not clagsified wa having failed. The level of darnage
seen in thege three THUS was certainly not advanced amd
does net indicaie the likely specific 'life limiling' failure
mechanicm in more detail, other than being nrface
initimeed.

B iz recomumended to Axther investigate the condition of the
graase in unita fromn the fiekd, The grease sumple should be

taken st the time of dismownting the THU m order to
eliminaty doubts sbout the pick-up of moishore betwemn
dismounting and investigation. Nots that the grense should
ideslly come from the raceway position Lo determine the
¢xtent of thickener degradation and hase oil exidation in
Zreays that hees been overrotled. Included m the giixise
analysiz could be particle inalysiz, irv ander to indicare, if
poeaible, the sourcels) of indents en the THU macewaya

Ttis recommended to determine whether the small gircular
fentimes are & common vecumrense in THUx 1f 2o, their
nefure and origin should be determined g n mesms of
indizating how theiy formetion can be avoided,

The resulty of these BRC itvvatigstions should be
combined with thoze of SKF Schweinfin and fnits
element modelling to determine the likelibood of water
ingresa inte the THU and the posibility for migration of 4
dernp envirorament.

5 References

Ref.] G. de Wit, ERC report NLOZTO03e, ‘Meritor THUS
from the Field: ¥isunl Ingpection’

Ref.2 A. Kertigun, ERC repart supplement NLOTTO03¢e,
*Arvinheritor THU's from the Fizld; Bors Comoalon

Product Analyxin®

Ref.3 A. Kerrigan, ERC report NLO2MIG2e, ' ArvinMaritor
THUx from the Fiald: Gresss Anahysis®

Ref4 A. Kerrigan, ERC repart NLOZM903e, “ArvinMeritor
THU from the Field: Scaming Electron
Microscopy'

Ref.5 A Kerrigan, ERC teport NLDZMS04e, *ArvinMeritor
THUs from the Pield: X-Ray Analysis’

Ref& A. MOller, internal SEF meano duted 2002-07-1§

Re£T SKF Schweinfurt report Nr. 156402,
insued 2002-07-£1.
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Car Corners

* Toyota Platform

* Hub-3 with integrated caliper mounting
Bosses

- * Estimate volume 500,000 /yr est
* SOP Pending results of proposals.

12 Aug 2002




Top Mounts

U-Van — B-Van
. .P'roposals have been made
* Waiting feed back from ARM

* Volume 1.4 million pcs/yr

SKF 001412
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Tapered Pinion Unit

12 Ang 2002
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Automotive and Seals Divisions

12 Aug 2002
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Modeling & Simulation

CADalog

12 Aug 2002
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New Products

12 Aug 2002
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Seal Designs
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Lipseal Lipseal Garter-seal R-Safe R-Safe++
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Products (1)

LY

Deep groove bail bearings  Spherical roller bearings

Self-aligning ball bearings  Taper roller bearings

Angular contact ball bearings Spherical roller thrust bearings

| Cylindrical roller bearings  ...... (and several others)
1zaugBgiroidal roller bearings, CARB®

' SKF 001418 —
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_ Products (2)

* Smaller, lighter, tighter, faster, with built-in measurement
systems, advanced seals and new materials.

12 Aug 2002




Trucks to follow Cars

£

- Two Flanges . Unit
and '

_ — E—
complexity anced Produc




Disk Brake

12 Aug 2002




Bogie Monitoring System BoMo™

Measurement and
recording to detect

@ Bearing condition
@ Wheel condition
@ Bogie instability
12 Aug 2002 @ Derailment
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Sensor Bearings

Wires Balls

Outer ring

Sensor bod

+ Sensor cell

Steel cover

Magnetised
impulse ring

i

| Inner ring

12 Aug 2002
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Erfassung, Spaherung uni.
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Application Exampl e i
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Rotostat

- Total crankshaft sealing system All-in-one component

consists of 1) dynamic shaft seal, Simplified assembling process
2) retainer, 3) static seal Optimal centering of
(gasket/sealant) and 4) dowel dynamic seal
pins Advanced “clastomeric”

FKM or PTFE Shaft Seal material static seal

Potential weight/cost reduction
One supplier to control

sealing elements
Extensive production experience

[2 Aug 20402




Test Summary Steer

Date | Test summary
11july02 | Big Ryder Springs Analysis
24July02 | Visual Inspection of Retumed Inner Rings

1 10July02 | X-Ray Analysis From Field
24-july02 | Grease Analysis from Field
24July02 | Raceway Qualification Test “water in

Grease”
| 244ulyo2 | Air Leak Test on FFS8X Knuckle
11 Ang 2000

S




Test Summary Steer

|Date [ Test summary
Ongoing Bosch Proving Grounds
Ongoing | Southwest Research

12 Aug 2002
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Aiken Quality Audit

‘A) Review and update of FMEA
B) Control of inner ring inspection and test records
C) Robustness of supplier management

D) Lab access to confrolled documents
E) Lot traceability

12 Ang 2002




Vibration Pen

s InaUstrial vt eXists

— Used today for various
industrial bearing
monitoring applications

» Used at operating
speeds and loads

« Modifications required:
— Increased gain
— Lower electrical noise

— Remote sampling switch
and indicator lights

— Other minor i1ssues

12 Aug 2002




Vibration Characteristics
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differentiation good | /
“unit vs. damaged
- — Most activity in

lower frequency
ranges

Magmirodo

WO 2 HE - BADY PEAR NG MARGINALY

— Scale of readings is
small
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Vibration Pen Milestones

« Proof of concept
— Evaluation of all devices
» Field trial evaluation — selection
— Ryder 7/24 & 25
« Prototype revisions
— 7129
- Mechanical assist device with tachometer
» Field Evaluation — scheduled to begin week of 8/12
— 10 Production intent units by 8/9
* Instruction sets
* Procedures
« Evaluation of field trial data and feedback by 8/30

12 Aug 2002 Production release 9/10
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Trailer update

e 82 mm launch
* Annual Volume — 26,000 pcs/yr est
~ * 300 PPAP sample is in Crossville

* Waiting for a customer order from
Carolton

e 40 axies to be built for field trials — 2
- months

12 Aug 2002




Trailer — Next Generation Seal

R-Safe + - 100 % viton

R-Safe + with 3% lip in HNBR

Elimate Bruss seal ($7-$10)

12 Aug 2002

I T T




90 mm THU-2

* THU will be axle as the new ATMU

* Timing 2 months THU-2

* Fitted with a shoulder seal

* Tests ongoing to validate R-SAFE +
* R-SAFE + will be a running change

12 Aug 2002
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90 mm ATMU

* Finalizing Hub DWG
¢ RFQ’s are being submitted
* Timing — December 2002

12 Aug 2002

- . - o




Pinion Seal Status

» One more iteration is being developed

o 12 Aug 2002
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rake - by- wire
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Steer-by-Wire

-Rear steer-by-wire system for SUV/fight
trucks with independent rear suspension

-Fully electromechanical solution with
local power and control electronics

-SKF system included in IRS presentations
made recently by ArvinMeritor to OEMs

—Speciﬁc OEM customer vehicle program is the next step in significant further
rear steering system activity.

12 Aug 2002




What 1s SKF doing for ARM

12 Aug 2002




- Quality,Delivery etc

12 Aug 2002




Studs Status

12 Aug 2002
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Ingersol Stud Status

PO for Phase 1 Fatigue Tests | Complete 31 Jul

Phase 1 Bending Fatigue Test | Complete 31 Aug

Review Results with Ingersoll | Complete 7 Sep

Phase 2 Bending Fatigue
Tests Determine Final

Engineering Tolerance for Complete 7 Oct
12 Aug 2002 Surface Hardness




Studs — Lake Erie Validation




Commercial Discussion

12 Aug 2002
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Payment Terms

15t Ultimo Special
73 =78 days , 15 th ultimo special s/b 65 days

Your writing a cheque on 25t
We're getting the cheque on the first week of the following month

Average doliars — 300 -500 k

This is costing SKF $2000 month approx

12 Aug 2002
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European cost reduction
Activities

* TPU
* Aftermarket Parts

* Lindesbury cost reduction activity
* RFT Seal status

12 Aug 2002
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Unitized Wheel Ends
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Freightliner Summary
| Conclm

"« Based on the implemented product & process
enhancements the FF-981 axle will meet all original design
life expectations.

+The original inspection procedure will be reinstated
with the launch of the New Hubcap — November 2002

12 Aug 2002
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The Next Steps:

* Continued communication with fleets
regarding PM intervals

¢ _Evaluate the need for communication to drivers

* Inspect a representative sample of 500 Trucks

with an electronic diagnostic tool.
» To confirm the health of the population.
> To focus on the 3 spike perlods described herein

Timing:
» 60 Days to conduct Inspection; 30 days for Analysis

12 Aug 2002




Steer THU

——e—une-1999—=Hub Thread-and-capprocessimprovements—
resulting in 100 % conformance.

« April 2000 - Changed to GWZ Grease & R-Safe Seal

« June 2000 - Corrected Heat Treat Reject System

« June 2000 - Axial Clearance Redesign

» July 2001 — Introduced MolyKote and Shoulder O-Ring
+ July 2001 - Started Auto-Rotation At Arden

* April 2002 — Improved Seal Process moved to Elgin

» April 2002 — 100% Seal Leak Test At Elgin

12 Aug 2002 « Nov 2002 — New Hub Cap Design
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SHF BenfllureRats Bemer muHib. ldxDaine

mprovements

TR TR

1831/ 400
54312000
791/

B0/
43020

MNewr Hubcap Design In November 2002

12 Aug 2002
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Test Summary Steer

|Date [ Test summary
09JulQ2 Air leak Test
19July02 | Supplemental Air leak Test
06Jun02 | Air Leak test on ARM knuckle
09Jul02 Assembly Test
12Jui02 | Raceway Qualification Test
o 17Jul02 | Raceway Qualification with contarminated
- Grease
17Jul 02 | Stud Assembly Test
24Jul02 Outboard Quter ring spalis
26Jul(2 Static Water Splash Test
17May02 | X-Ray Diffraction Analysis
30May02 | Seal wear study
06Jun02 | Man 1,000,000 km Axle
06junel2 | Spindle Comparison Study
12 Aug 2002




Cover

' 12 Aug 2002
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«  OAF

» Business in General

« Market Trends

« Strategies

 Long Term Goals

« What SKF is doing For ARM

= Steer THU discussion? .

12 Aug 2002
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Objective

12 Aug 2002




Annual Key Data

LB e o T L e

Net sales  cccinncnicenine 43 370 39 848 +8.8%
Operating profit ... 3634 3674 -1.1%
Profit before taxes ............... 3120 3002  +3.9%
Net profit ......coeommvcsssmnsnsenns 2 167 1962  +10.5%
Earnings per share, SEK..... 19.04 17.23
Césh FIOW  rienremnescrarremenmeassaeanen 4 271 2 880 +48.3%
=70 o] SR . 14.9% 16.2%
Reg. no of employees........... 38 091 40 401 -5.7%
12 Aug 2002




-38 091 *MSEK 43 370 80 production
employees annual turnover facilities in 22
countries

12 Aug 2002
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Key Technologies

« Materials - steel / ceramics /
polymers / elastomers

Coatings

Lubrication

Manufacturing Technologies

Mechatronics

Noise & Vibration f'E:ZSystem
Dynamics

Analytical Modelling

Experimental Testing
12 Aug 2002




SKF Group
Sales by customer segment 2001

Industrial 4 : e e, Ca:s
distribution W D 18%
28% X
A 6%
Electrical : Vehicle
~ industry 5% ) replacement

Aerospaoe‘ %

- 5%

Specialized General

machinery
14%

industries 8% Customized

12 Aug 2002 engineering 7%
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SKF Group
Sales by geographical area 2001

12 Aug 2002




SKF Group Organisation

CEO 2002-01-¢1
S Carisson
Finance, Business T Bertilsson Technology Dev H Wittm
Dav & Purchasing : —
!Emmun'ﬂﬁgn L G Malmer
Quality & HR B O Hansson Legal C Bergfelt
Automotive Eledirical industrizd Servico Aeno & Stesl
T Johnstohe G Donato C Gyberg P Knights K Thonsn
Germany USA
& Gremlin*) 5 Malmetrdm
12 Aug 2002 *) Also reaporsible for Group [T
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- [+

-~ +Steel « Service
-« Components * Trading
. * Internal services « Electronics
| ' * Partnership

——— e —

STEP CHANGE

£2 Aug 2002
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Automotive Division

President
T Johnstone

Cpntmll!l]g G Nilsson Supply Chain J Deppert

Human Resources H Olofsson Mfg and Proc Devt M Bonnamour

Quality, e -Business & {(Automotive)

j_!alue.Mamt_G_Behmham_ Business Dev t J Longbottom

Purchasing W Himpfner ———- Communications W_ Delevich

{Automotive)
Cars Trucks VSM Brazil Drive-by-Wire
RDellAnna | | BStephan | | R Bamdahl | | A Danielson | | F Zingarielio

- - |
CR Americas CR Automotive CR Asia
Europe
G Dettioff S Prigge B K Chng

12 Ang 2002




BU Trucks worldwide

LUTSK
1539 Emplayces
. 7%:5 MBEK

LUCHOW

777 Employees
i 1136,1 MSEK __f

SCHWEINFURT TRB

12 Aug 2002




BU Trucks Organisation

HBemd Staphan
Dimactor
Truzcks BU
SKF Automolfve Division
Amia Klatt Jomgen Schuttheia
Controlling | { | Quakty
Trucky BU Trucks BLJ
Mais Robertsson ¥V Teybulsky
A SKF Coordinakr LBP | | MD L&P
LEF FinancadAdmin LEP Salme Eas Europe
Luizk {LIA} Luisk (UA)
I | - | |
Torsten Mordgren Bl Famsl Thieary Boraniche Matthlas J. Haupt Ama Stubenrauch
Manufacturing Salan LISA Sales Wast Eunops Brsineas Develpomant ) R&D
Trucks BU Mexdeo, Canada Ladin America TRE murketing Applcation Engineering
Saies Azia Trucks BL
Michael Kummert | Dr.J Sommer |
Blant Marsger | ] Plant Wanager Karl Steinbeck
VWL TWS,TWSR TRB markedng
Lashow (D) _ Schwelnturt (T 10,50, ED aale= support
Joap Voorthuisan Viakar Maber
PlamtManager | [ | LBF Technobgy &
Rokers&Cagea Manufacturing
Vaenendaal (NL) Lutok (b
Dr M. Ciner Ed Cotter
Manufacturing Dev. | | | Plant Manager
Truck BL) Alan [LISAY
N.N.
ABU India |
Puna {india}
12 Aug 2002
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Bearings in Trucks

hanger bearings

cabin hinge bearings

gearbox bearings wheel bearings

universal joint bearings
belt tensioner units

rear differential

auxiliary drives bearings

steering bearings swivel pin bearings

12 Aug 2002




Seals in Trucks

Prop-shaft-support
hearing

pinion saal

motor

+ ¢crank shaft seals

* valve stam seals

* pil bath seal

» aLixiliary drive saal

Tfront axle
« whaal end seal
« wheel and covar

12 Aug 2002

traliar axle

= whael end seal

* il bath seal

= 3 cam shatft seal

driven axle
» Scotseal ®
= ol bath seal

gearhox

* input sharit

* cutput shaft

* power take-off
* gaar shift seal
» 0il bath seal

R Sk
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ArvinMeritor ;-’ SKF

Bearing Condition Evaluation Device

+ Objective: Develop a TP-0251 “Assist Device” which will
give an objective, accurate evaluation of hub unit
condition at PM inspections

« Performance parameters:
+ Hand rotation
~ » Effective with only the weight of tire and wheel end assembly
+ Effective in the shop environment
* Reliable/repeatable measurements
* Rugged/industrial device
« Simple to operate
« Simple out-put

W1/2002 SKF 001474 2



ArvinMeritor | BKF
Vibration Characteristics

BEARINNG CYINDI TN MOM TORING VINRATHIN 15T

— Por Bprx 1 TFTFSICLDAT
o X Hx W16 ITHE mg
Powr Bpexe 1 DFTaR1C3.DAT

P Sna 1 HRORINEL.DAT
o0 .

+ Shows differentiation K S

good unit vs. damaged |
» Most activity in lower
frequency ranges - |

» Scale of readings is small

T T FUE -BAD REAR MG (ATARGINAL|

/ KU 30 - GO0 AEARTNG -

oM 2 QOMTPARISON OF VIFRATION W BEATHR SPECTRUM A5 MEASURED
1200 AT THE KINGITN LOCATHIN 3
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ArvinMeritor . ' 5KF

Prototypes Evaluated

+ 3 Devices evaluated:
- « PCB
| « SKF

S « ARM

Wiz 5K 001478 4



ArvinMerHor l ' BKF

SKF Condition Evaluation Device

* [Industrial unit exists

» Used today for various
industrial bearing
monitoring applications

« Used at operating
speeds and loads

+ Modifications required:
» Increased gain
» Lower electrical noise

« Remote sampling swifch
and indicator lights

« QOther minor issues

02 SKF DO1477 g



ArvinMeritor ) | BKF

Bearing Condition Evaluatlon Dewce

* The SKF Unit was chosen for productron due to:
» Degree of industrialization
» Most easily adapted to the needs of the application
« Shortest implementation lead time
» Performance closely matched “Master” — HP analyzer

SKF 4478



.. ArvinMeritor " SKF

inspection Process

- Raise wheel ends off the floor (on jack stands).
« Check for endplay
» Clean kingpin surface
« Mount probe on kingpin surface (magnetic probe)
» Mount assist device -
+ Rotate tire at 60 to 80 rpm
+ Push sampling button

. Record reading (green/red)
» Return to service or...
« Reptace hub unit



ArvinMeritor

"

Project Milestones

=« Proof of concept

= Evaluation of all devices

 Field trial evaluation — selection
+ Ryder7/24 & 25

« Prototype revisions
« 7129
« Mechanical assist device with tachometer

+ Field Evaluation — scheduled to begin week of 8/12

» 10 Production intent units by 8/9

» |nstruction sets
» Procedures

« Evaluation of field trial data and feedback by 8/30
» Production release 9/10

/12002 SKF 001480
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August 1, 2002

-Meeting Purpose

Summary

*Product / Market History
*Product Performance History
*Root Cause Investigation
«Corrective Actions
*Recommended Action Plan

SKF 001482

okl -



Arvintertor
Meeting Purpose

» Review Field Performance of the FF-981 Product
« Review Corrective Actions to Improve Product Performance

. Recommend a Course of Action For the Field Population

August 1, 2002
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ArvinMeritor .ﬁ

Summary

‘In Aggregate the Fleld Performance of the FF-981 Has Been
Excelient

-Recent Spikes of Warranty Claims ata1to 2% Rate Have Been
Observed In The Production Period 1999 Through 2002

-Root Causes Have Been ldentified

-Final Solutions Eor Identified Issues Have Been In Place Since
April 2002

-Further Investigation / Inspection Is Required

-Bearing Degradation Is Detectable During PM and Imminent
Failure Is Apparent to the Vehicle Operator

August 1, 2002 EKF 4
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ArvinMeritor

FF -981 Hub Production

| Year Total Freightliner
| 1996 7486 6376
1997 34416 24614
1998 76036 43152
1999 112098 65812 .
2000 85690 45804
| 2001 35838 1 8938
2002 est 36000 18000
August 1, 2002
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ArvinMeritor

Steer Axle System

| Consists of:

'« Fully Integrated System

» Sealed Bearings

 Low Maintenance

August 1, 2002 EKF 6
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ArvinMeritor

Hub Sub-System

Consists of:

* Bearing Geometry

» Sealing
* Long Life Grease

* Environmentally Controlled
Assembly

August 1, 2002 | EKF .
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ArvinMeritor 2 H

Front Steer European Customers:
* lveco

* RVI

« Man

» Scania

« 1.3 million Steer hub units since 1995
* RVI has Same Grease and Seal as the early FF-981 Unit

August 1, 2002 | EnF g
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SKF Alken Fallure Rate Baaad on Hub Julian Dates
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Three Issues

SKF Aken Failure Rate Based on Hub Jullan Dates
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A

Hub Cap & Threads

SKF Alken Falure Rate Based on Hub Julian Dates
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Unhardened Raceways .
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R-Safe Seal
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Product and Process Enhancenﬁenis:--f“""

* June 1999 — Hub Thread and cap process Improvements
resulting in 100 % conformance.

« April 2000 - Changed to GWZ Grease & R-Safe Seal
 June 2000 - Corrected Heat Treat Reject System

- June 2000 — Axlal Clearance Redesign

« July 2001 - Introduced MolyKote and Shouider O-Ring
» July 2001 — Started Auto-Rotation At Arden

 April 2002 — Improved Seal Process moved to Elgin

- April 2002 — 100% Seal Leak Test At Elgin

« Nov 2002 — New Hub Cap Design

August 1, 2002 SKF 00151 EKF 21
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SKF Akan Failurg Rale Beved on Hob Jullan Cobes
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Conclusions

August 1, 2002
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Conclusion:

- Based on the implemented product & process
enhancements the FF-981 axle will meet all original design
life expectations.

* The original inspection procedure will be reinstated
with the launch of the New Hubcap - November 2002

August 1, 2002 F
gustt SKF 001504 EK 24
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The Next Steps: “"‘*m,_ ______ N _

» Continued communicaﬁon with fleets
regarding PM intervals

» Evaluate the need for communication to drivers

* Inspect a representative sample of 500 Trucks

with an electronic diagnostic tool.

»To confirm the health of the population.
»To focus on the 3 spike perlods described herein

Timing:
» 60 Days to conduct Inspection; 30 days for Analysis

August 1, 2002 SKF 001505 EKF25
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Bearing Condition Evaluation Device

» Objective: Develop a TP-0251 “Assist Device” which will
- give an objective, accurate evaluation of hub unit
condition at PM inspections ~

* Performance parameters:

August 1, 2002

Hand rotation

Effective with only the weight of tire and wheel end assembly
Effective in the shop environment

Reliable/repeatable measurements

Rugged/industrial device

. Simple to operate

Simple out-put

— GKF =
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Vibration Characteristics

BEARING COMND THMN KON TORTIG VIHRATION TEST

w—mee—— Py Spac | CFTPSICLDAT
@ XIT He ¥, YA E g
e P SipiC | OFT6&1C3.0AT

P Spec | HSORIBK1-DAT

» Shows differentiation 3

good unit vs. damaged
+ Most activity in lower /
frequency ranges ; |

» Scale of readings is small

™13 FUB - BAD BEARING

W] HLR -BAD BEARING {MARGINALI

HUE 0 - GO0 BEAKING -
{57287 MILES]

COMPARISGN OF VIBRATION VIBRATION SFECTALIM AS MEASUTRMM
August 1, 2002 AT THE KINGHIN LOCATION EKF 20
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- R SR

Prototypes Evaluated |

» 3 Devices evaluated:
». PCB

» SKF

« ARM

ust 1, 2002
hug SKF 001510 alkF -
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SKF Condition Evaxluation' BEQice

» |ndustrial unit exists

+ Used today for various
industrial bearing
monitoring applications

» Used at operating
speeds and loads

* Modifications required:
+ Increased gain
+ Lower electrical noise

» Remote sampling switch
and indicator lights

» Other minor issues

August 1, 2002 SKF 001514 EKFm
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s

Beéring Condition Evalxﬁétrion Dewce

» The SKF Unit was chosen for production due to:
-+ Degree of industrialization |
+ Most easily adapted to the needs of the application
« Shortest implementation lead time
» Performance closely matched “Master” — HP analyzer

August 1. 2002 SKF D01512 EKF&E
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Inspection Process

August 1, 2002

Raise wheel ends off the floor (on jack stands).
Check for endplay

Clean kingpin cap surface

Mount probe on kingpin surface (magnetic probe)
Mount assist device

Rotate tire at 60 to 80 rpm

Push sampling button

Record reading (green/red)
»  Return to service or...
* Replace hub unit

' alklF =
SKF 01513
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Project Mllestones

* Proof of concept
» Evaluation of all devices
* Field trial evaluation — selection
 Ryder 7/24 & 25
* Prototype revisions
« 7/29
« Mechanical assist device with tachometer
* Field Evaluation — scheduled to begin week of 8!12

* 10 Production intent units by 8/9
* Instruction sets
= Procedures

« Evaluation of field trial data and feedback by 8/30
» Production release 9/10

August 1, 2002 | E KF a
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* FMEA ‘detection’ validation

* Builds off past work {June 2001)

— What was done:
» Bearings run to spall initiation in {ab
» Brake linings, tire bead, spindle, drag link instrumented
» Accelerometer mounted to steering wheel, knuckle
» Distance & speed recorded
» 'Damaged’ hub put on LH end, properly assembled

SKF 001524

10
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--- ——r—t

* FMEA ‘detection’ validation (cont.)

» Builds off past work (June 2001) (cont.)
— Results:

¥

»
»
B

2 hrs, 60 mph - no effect measured
Removed every other roller
2.5 hrs @ 55-60 mph - no effect measured

‘Gentle swerving’ introduced - 5 minutes, spindle temperatures
reached 325°F

Next day: ‘gentle swerving' continued

+ ABS fauit noted

+ 1/2 hour - spindle temperature @ 300°F, buming odor, intermittent
grinding noise, loud '‘bangs’ with steering wheel and cab floor
response: obvious mechanical failure

SKF 001525
1h !
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* FMEA ‘detection’ validation (cont.)

» Builds off past work (June 2001) (cont.)
— Results:
» Next day

+ % hour - spindle temp 375°F, steering fesls
'sloppy,’ non-responsive, no pulling

+ ¥ hour - spindle temp 375°F, strong jolt on steering wheel!, ‘pop’,
‘vangs’. Wheel shutters when furning right

+ %2 hour - spindle temp 375°F, chatter and steering wheel vibrations

when tuming right, ‘pop’ and grinding continues. Brake and tire tread
temperatures are still near ambient.

+ 5 minutes: rollers eject from hub, feels like flat tire

+ Continue at 40 mph: cab shakes, hard puil left: after 3 miles, brake
shoes at 1100°F, at 6 miles, 1500°F and rising

+ Stop, fire is extinguished
+ Similar results for RH hub test

SKF 001526 12
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* FMEA ‘detection’ validation (cont.)

* Builds off past work (June 2001) (cont.)
— Conclusions: Failure is detectable

* Recent Test:

* ' Near-off hub reinstailed: run @ 20mph-
— Some noise, smell, hard pull

» Bosch Proving Ground Test
— Bearing spall has been initiated
— Packed with used grease & seals installed
— Instrumented: no ‘gentle swerve’
— Status
— Problem detected per TP-0251 @ 10,270 miles
— Vehicle test miles: 58,185

« SKF Vehicle Test _
— Hubs selected via TP-0251 from field samples
— Testlaunched at Scuthwest Research

» RH Hub: Potentlal post 7/2000 seal issue; detection @ test start
» LH Hub: Pre-7/2000 sample; detection.@ 4,199 milas
» Test continues @ 23,476

K h
P —
(1 Uiy

;

Ft fma?

SKF 001627
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Agenda:

» Basic Information

* FF-981 Features

» Volume Information

« Warranty History

» Causes and Corrective Actions
» Detection

» Recomendations

SKF 001538
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Steer Axle System

Consists of:

* Axle

* Bearing System

* Knuckle

» Spindle

-~ +» Mounting Hardware
- .+ Hub Cap

SKF 001539 EKF 3
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Bearing System

Consists of:

* Bearing Geometry

 Sealing

* Long life Grease

* Environmentally Controlled
Assembly

.
...-."'-"""“.

SKF D01540
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Seal Designs

Outboard September  ||nboard September Future
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Expectations of the Steer System

SKF 001644

After 876,000 Miles — Like New
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« The Data

* Hub population (through Sept ‘01)

# of Hub Unlts
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50000
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FF98X Hub Volumes
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«Launch Issues / High Scrap Rate at SKF Aiken
*Hub Cap Deviations — Missing Hub Caps
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Axial Clearance Corrections

+ October 31, 1998 — Axial Clearance Gage air isak found
Corrective Action — Repaired Leak (October 31, 1998)

« January 21, 1999 — Axial Cisarance Gage Diaphragm failure .
Corrective Action - Replaced Diaphragm and quarantined approximately 2,000 Yearings (Janunary 21, 1999)

» May 31, 1999 - Axial Clearance Gage Diaphragm failure
Corrective Action — Replaced Diaphragm (May 31, 1999)

» August 20, 1999 — Bearing wobbles when rotated
Corrective Action — Axial Clearance Gage upper and lower besrings were replaced {August 20, 1999)

e October 6, 1939 - Changed Mounting of Dlaphragm to reduce wear
e January 7, 2000 - Axial Clearance Failue
Corrective Action - Replaced Disphragm (January 7, 200)

» Fabruary 28, 2000 - Axial Clearance Gage Diaphragm replacad
Corrective Action — Replaced Diaphragm (February 29, 2000)

« March 31, 2000 - Axial Clearance Gage retrofitted with new cylinder design replacing diaphragm.

« Apiil 27, 2000 —Centering Ball broke off of lower tooling:
Corrective Action — Allgned Shaft (April 27, 2000)

e June B, 2000 - Axial Clearance Gage upper and lower bearings were replaced
SKF 001552
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Seal Molding Defect Rate <2 %
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u Chart Count of Claims Vs Monthly Production
Steer Claims Only

. & March &ay 1999
0.0002 —{ septenfPer 1998 ®
E QA UCL=1.45E-04
L 0.0001 — —
E- U=8.35E-05
©
o)
LCL=2 22E-05
0.0000 —
! ! ! SKF 001554
Subgroup 0 10 20
Hub Production Dates 199903

® Issue Date of ARM Engineering Deviation Request minus one month.
Correlation study of hubcaps under deviation with high warranty periods
aKk -




ArvinMeritor

Product Changes Status Addresses
Changed toc R-Safe Complete Apr 2000 Longer life seal that l
pumps outward
| O-ring shoulder seal & | Complete Jul 2001 Fretting Corrosion &
MolyKote Protects from Water

1 Changed to GW-Z Complete Apr 2000 Higher Qil separation |
properties
Hubcap Re-design Nov 2002 Lost hubcaps

SKF 001555
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Maintenance Arm 8 Assy

Claaning
off I incomect torque

Asgy — Soft washer

damage — Handling Bry thread

Do not replace i
— Hub Cap Seal Too soft nuta oad
Mssing jam Capth
___ LostHub Cap nut
No Install Water
___ R&R rotation torque Ingress
| Excass axial Chemi
Wet / cokl Daflection clearance or i siry
e olymer
face qualtty
Accldent Ma Hub L.D. Lcore
- ..L. of bore ILR.CD ﬁ"i::” Dimensional
Flooding Mtg face \ \
—surfaca finish DM BORE Install cock
Braking deflact / /
Too soft | Face Hore ::;r
Su Mold defact
finish
SKF DO1556
Environment
0 Hon Rearing
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Process Changes

Status

|'Addresses

Auto-Rotate @ Arden

Complete Jul 2001

Clamp load,
Seating of Rollers

Axial Clearance Gage

Complete

End Play, excessive
pre-load

Supplier Audits

No Hubcap Deviations

+100 % leak test for
Seals

Moved Process 10
-1 Elgin from
Bethelehem

*Cleaned Mold
stations

April 2002

April 2002

April, 2002

Lip defects

= Mold defects

Revised Heat Treat
Process to make sure

Grease fill rejections
cannot be taken over

SKF 001554
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Pre - July, 2000

SXF 001560
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Grease Side

P,

Fruedenburg Seal CR R-5afe
«Qil type seal — Pumps inward to keep oil *Grease type seal — pumps outward to better
inside bearing exclude dirt, contaminants and water

sExternal dust lip excludes dirt and water +Axial excluder lip has more positive sealing

s*Rubber bore sealing «Cartridge type seal with stainless steel

«Rides directly on ground inner ring counterface

shoulder *BoreTite bore and ID sealing

«Initially chosen because of field success in *Mud Shurry tests show 3X life compared to
Europe Fruedenburg Seal

— akl =
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R-Safe Seal Performance Advantages
*Seal function requirements

*No lubricant egress
*Protect against water, dust and mud
*Static sealing on outer diameter

. «Corrosion protection

*Long life

«Good operating temperature range
«Capable of hub speeds

*Tolerance of misalignment SKF 001562

«Good resistance to cleaning fluids

ol =
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SKF Grease Selection & Development |

Grease selection is singularly the most important and underestimated
- component that contributes to the longevity of the SKF LUNAR hubs

Below is a list of some of the properties and requirements that we
have considered before making our optimum Grease Selection

*Grease Life

‘Dropping Point

*Base Oil Viscosity

*Not Fatigue Promoting
-Corrosion Protection
*Mechanical Stability

«Optimum Oil Bleeding
Compatibility with Seal Material

*High Temperature Performance
Low Temperature Performance
Anti-Wear Protection

«False Brinelling Protection
*Water Resistance
*Shear Stability
*Adhesive Properties
Compatibility with Cage Material

5KF-
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We invite you to come to SKF’s Aiken factory

. @ Fully integrated and balanced
manufacturing channel for
THU 2 {Full Flange Version}

Capacity: 300.000 Units/year
In operation since: 1998

A-TMU Assembly Channel
under preparation

Controlled Environment

SKF 001565
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SKF Key Technologies

« Materials - steel / ceramics /
polymers / elastomers

Coatings

Lubrication

Manufacturing Technologies

Mechatronics

* Noise & Vibration /
System Dynamics

« Analytical Modelling

« Experimental Testing

o GKF
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Future Products
Trucks to follow Cars
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SAF Intradisc Plus

SKF 001571 nKFﬁ
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Disk Brake

SKF DO1572
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1THU

' Erfasaung, Spelcherung und.

. (Ubersendung von Ortungs- .
. und Botriebsdaten
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1 | Y Edit Date nq Slide Master
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ArvinMeritor 1__ Edit Hrasnntatlnn Title on Slide Master

Edit Dat& on 5|IdE Mastor

Axial Clearance Corrections

+ Octobar 31, 1998 — Axial Clearance Gage air leak found
Corrective Action — Repalred Lesk (QOctober 31, 1998)

e January 21, 1999 — Axlal Clearance Gage Diaphragm failure
Corrective Action — Replaced Diaphragm and quarantined approximately 2,000 bearings (Jannary 21, 1999)

e May 31, 1999 - Axial Clearance Gage Diaphragm failure
Corrective Action — Replaced Diaphragm {May 31, 1999)

« August 20, 1999 — Bearing wobbles when rotated
Corrective Action — Axial Clearance Gage upper and lower bearings were replaced (August 20, 1999)

+ October B, 1999 - Changed Mounting of Diaphragm to reduce wear
o January 7, 2000 - Axial Clearance Failwre
Corrective Action — Replaced Diaphrsgm {Jannary 7, 2000)

» February 29, 2000 - Axial Clearance Gage Diaphragm replaced
Corrective Action — Replaced Diaphragm {February 29, 2000)

¢ March 31, 2000 - Axial Clearance Gage retrofitted with new cylinder dasign replacing diaphragm.

« April 27, 2000 —Centering Ball broka off of lower tooling
Corrective Actlon — Aligned Shaft (April 27, 2000)

« June §, 2000 - Axlal Clearance Gage upper and lower hearings were replaced
SKF 001583



Ed!t Flrusnntaﬂnn Title an Hlida Master

-
.5.

\ P Edit Data on Siide Master
SKF Aken Failure Rate Based on Hub Julan ates e — f

Asbam Lusl Ucers s c P o 1

o : L2000%

Loenas £

L} T
!nhlll--_!
—_—

L1100

1AMDY

.
Fallat® PerasatMisr Production

B2NOK L

WIOHAAD
1VMMAAR
1B iH30A
¥IW1322
HAVIAD
Ry
Hoi
SHANROOD

Auk Julinm Buix

Bethlehem Bleed rate < 2 %
Total Seals Manufactured 88,703



Amnuer i‘tor I Edlt Hrasunlahnn Title oh Slldn Master

Edit Data ch Sllde Master

u Chart Count of Claims Vs Monthly Production
Steer Claims Only

LN March -@ay 1999
0.0002 — soptenf¥er 1998 ®

& A UCL=1.45E-04

€
3
U -
2 00001 — _
3 0=8.35E-05
1]
»
¥ LCL=2,22E-05
0.0000 —
I | |
Subgroup 0 10 20
Hub Production Dates 199803

® Issue Date of ARM Engineering Deviation Request minus one moath,
Correlation study of hubcaps under deviation with high warranty periods

SKF (1586



'- ArvinMeritor Edii Faruanmtmn Title on qnda Mastar

iy Edit Date oy Slide Master

Product Changes Status Addresses

Changed to R-Safe Complete Apr 2000 Longer life seal that
pumps outward

O-ring shoulder seal & | Complete Jul 2001 Fretting Corrosion &

MolyKote Protects from Water

Changed to GW-Z Complete Apr 2000 Higher Oil separation
properties

Hubcap Re-design Nov 2002 Lost hubcaps

SKF 001586 10



ArvinMeritor

Malntenance

Surfaca finish

knuckle
—— Toosmall

Edlt Hresantahnn Title on Sllde Master
Edit Date on Slide Master

Environment
Operatlon

Too soft nuts
Missing Jam Accident Seated in knuckle Water
nut ingress
Daflaction _Ltu gnuckia g
No May—
sotation ~— Toosamal July
1999
Waet / cold Dwflaction rChsmlstnr
OR
Accident Mtg face quality
- J_ of bore Dimensional
Ftoodng Mig face \
— surface finish BORE
Braking deflact
Too soft Outar
SKF 1507

11



= = !. Ecllt Flrmnhhun Title on Slide Master
ArvinMeritor it Date on Siide Master
GEOMETHY CHEMISTREY | GEOMETRY CHEMISTRY

NN NN
| v e AN < 7

CLEAML INFES HT HEAT TREAT Gl FANL INESS

wanmnu\
GAGE /
OR?

CAGE

CHEMISTRY CHEMISTRY CLEANLINESS

A e

CLEAMLINESS CLEAMLIMESS

[CI-IM-IﬁEﬂ\fER?: GEMTM I\DUETJI:IHHT I{CHANGEIVERT) HT
>N b={ ra 3
PREMATURE RING
SPALLING
H-DH-RQT.F-TIUH
AR WASHER FLATMESS
INBGR
MN‘I’EIHH:E /
HAMMERIMG CLMI?
ETLDS
NONROTATION
ol E MATING COMPONENT
CLPRING nuTwaSHERY INSTALLATION ON
"AUME SPINDLE - DIMENSIONS 12



Ar Iﬂ.ﬂueritor ’ Edit Prmntatiun Title on Slule Master

i ) , Edrt Date un Slide Master

SKF 001589
13



. ArvinMeritor | Edit Fresentation Title on Slids Master
: | %\ F Edlt nata nn Slide Master
Pracess Changes Status “TAddresses

Auto-Rotate @ Arden | Compiete Jul 2001 Clamp load, !
Seating of Rollers

Axial Clearance Gage | Complete End Play, excessive
pre-load

Supplier Audits

, Nn'Hubcap Deviations

] 100 % leak test for April 2002 -Lip defects
Seals

Moved Process to April 2002
Elgin from
Bethelehem

{ *Cleaned Mold
stations April, 2002 « Mold defects

Revised Heat Treat
Process to make sure

Grease fill rejections
cannot be taken over

SKF Q01590 — 14



- ArvinMeritor ! Edit msanmuan Titde on Slide Mastor
SN Edit Data on Slide Master

Steer Axle System

Consists of:

* Bearing System

» Axle

« Knuckle

» Spindle

« Mounting Hardware
 Hub Cap

SKF 001554 45



rvinMerito | Edit Firasnntatlon Title on Slide Master
A n r r 5 Edit Data on Slige Master

Bearing System

Consists of:

- Bearing Geometry

« Sealing

* Long life Grease

» Environmentally Controlled
Assembly

SKF DO1552

16



i: Edﬂ Freaenhﬁun Title on Slide Master

ArvinMeritor .
i Edit Date on Slide Master

Expectations of the Steer System

After 876,000 Miles

SiF 001504




Amnueritor l Edl-it P;'omntatlon Tlﬂn-c;;'n Slll:la Master
| o \ i EdRt Dats oh Siide Master
Seal Designs 4N -

a . . -
R R T L .

Lipseal Lipseal Garter-seal R-Safe R-Safe++

SKF 001595 19



ArvinMeritor : Edit Prenantaﬂnn Title on Slide Master
"’-._ _ Edit Crate un Skde Master

Pre - July, 2000 Post - July 2000

SKF 001686




Fruedenburg Seal

+Qil type seal — Pumps inward to keep oil
inside bearing

External dust lip excludes dirt and water
«Rubber bore sealing

«Rides directly on ground inner ring
shoulder

+Initially chosen because of field success in
Europe

| Ed.llt Fémmtatiun Title on Slida Master
- Edit Date on Slide Master

Excluder
Lip

Air Side

CR R-Safe

-Grease type seal — pumps outward to better
exclude dirt, contaminants and water

«Axial excluder lip has more pbsitive sealing

«Cartridge type seal with stainless steel
counterface

«BoreTite bore and ID sealing

-Mud Slurry tests show 3X life compared to
Fruedenburg Seal

EKF 001507 21



Ar v;nuerl—tor ' Er.lit Hﬁantatlnn Title oh Sllde Master

5 ; Edit Date on Skie Master

R-Safe Seal Performance Advantages
*Seal function requirements

*No lubricant egress

*Protect against water, dust ahd mud
*Static sealing on outer diameter
*Corrosion protection

Long life

*Good operating temperature range
«Capable of hub sﬁeeds

-Tolerahce of misalignment

+Good resistance to cleaning fluids

SKF 001558 22



Ar Iﬂ’.nuer[-tor 1 Edit Frmnta‘hon Title nn Sllda Master

1 _ 8 Edit Date on Stide Master

Al

SKF 001598 o3 -



i

ArvinMeritor i Edlt Plresentahun Title on sluda Master

‘x_ ) ~,k Edit Date uh Slida Mastar

" SKF Grease Selection & Development"

Grease selection is singularly the most important and underestimated
'~ component that contributes to the longevity of the SKF LUNAR hubs

Below is a list of some of the properties and requirements that we
have considered before making our optimum Grease Selection

Grease Life : -High Temperature Performance

Dropping Point Low Temperature Performance

*Base Oil Viscosity | Anti-Wear Protection

“Not Fatigue Promoting *False Brinelling Protection
*Water Resistance

«Corrosion Protection
*Mechanical Stability

*Optimum Oil Bleeding
«Compatibility with Seal Material

*Shear Stability
*Adhesive Properties
«Compatibility with Cage Material

SKF 001600
24



AMﬂM@ﬁtﬂr l lt Fmsnnﬂﬂun Titde nn 3|Idﬂ' Mastier
Edit [ Date on Siide Master

We invite you to come to SKF’s Alken factory

. & Fully integrated and balanced
manufacturing channel for
THU 2 {Full Flange Version)

Capacity: 300.000 Units/year
In operation since: 1998

A-TMU Assembly Channel
under preparation

Controlled Environment

SKF 001802 26



. ArvinMeritor ' | Edit F[ramntaﬁnn Title oh Slide Mastar

i, F Edit Dah l:-l'_l Slide Master

27



. ArvinMeritor 1 Edjt Hrauntatlon TItle on qua Mastor

| PR Edit Date on Slide Master

SKF Key Technologies - o

Materials - steel / ceramics /
polymers / elastomers

» Coatings

Lubrication

Manufacturing Technologies

Mechatronics

* Noise & Vibration /
System Dynamics

+ Analytical Modelling

» Experimental Testing

SKF 001604 28



ArvinMeritor l Edlt Hrmntaﬂon Title on slide Master
" 4 . Edit Date on Slide Master

SKF 001605

2%



ArvinMeritor | Ed;t Pmemunn Title on Sllde Master
- o Edit Date ot Slide Master

SKF 001606



! Edit Presentation Title on Slide Master
fod Edit Débe an Slide Master

ArvinMeritor : it

Future Products e e e e
Trucks to follow Cars

Two Flanges Unit
| and

sge . ABS Integr;

fion

SKF 001607 a1




ArvinMeritor |f Edit Hmsentatlnn Title oh slm Master
| ' FE Edit Data on Siide Master

b

SAF Intradisc Plus

BKF 001608 39




= F {{ E:;lt resentation Titls o on Slide Master
Amnue”tor \ Fl Edit Date on Slide Master

. Disk Brake

SKF Qe0n 33




ArvinMeritor
iTHU

Pm—————mn aiman

Erfassung, slr.-herung undl.
Obarsendung von Ortungs- -
und Betriehsdaten .

Edlt Frenantatlun Tlﬂa on Slide Mastar
't.‘ Edit Date on Stide Master

4

SKF 001610
34




I

¥ Mer' : Edil Prmntahun Title nn Blida Mastor
Amn ltﬂl'.' | o ; Edit Date on Slide Master

Truck Corner Module




ArvinMeritor :' - Edit F'resontatinn Tite oh Sllda Master

THU3 with turning IR S

SKF 01612 35



ubtitle

Presentation Date
Presentation Venue

ArvinMeritor

SKF 001613



ArvinMentor l Edit nrmntaﬂon Title on Siide Master

x Edit Date oh Slide Master
Vibration Characteri sugs e oomo gD
_________ P Spec 1 DETHEICI DAT
ma!?cﬂl Y2316l CORISIEDAT
078 Hx Y1158 7 A mg
- _.u-;zihu-%m] . . CFTF5 11 PAT

« Shows differentiation RN o e
good unit vs. damaged

I-I ‘ DASHDNT  -HUE 4 - BAD BEARING {WORSE:
Most activity in lower
frequency ranges

« Scale of readings is small

Spez 1

Spr L

Spare L
&6 He Y12 108 mg
OXT5 K= TiLBAS5 1 mg

1 RP
o Iht‘DMFAR(JI'i [JF VERATHON AT TWD DIFFCRENT SPEED AS MERSIRLE 600 Ha
AT THE KIMOB LA TSN
2

SKF DO1614



Edit Date an Slide Mastar

ArvinMeritor | | Edl't ﬁmntaunn Titie on Slide Master

SKF Vibratiohrﬁ"lwl‘ff’fl'obé“--_—- -

~« |Industrial unit exists

« Used today for various
industrial bearing
monitoring applications

« Used at operating
speeds and loads

« Modifications required:
* [ncreased gain
« Lower electrical noise

« Remote sampling switch
and indicator lights

» Other minor issues

SKF 001815 3

Tl LT



ArvinMeritor a Edlt Flrnsentatmn Titia on suda Mastor

. Edit Date oh Slida Master
\ .

" Inspection Procedure

» Raise wheel ends off the floor (on jack stands).

» Clean kingpin surface

« Mount probe on kingpin surface (magnetic probe)
» Mount assist device

» Rotate tire at 60 to 80 rpm

» Push sampling button

» Record reading (green/red)
« Return to service or...
» Replace hub unit

SKF 001616



ArvinMeritor i Edit Prountatmn Title oh Slida Master

Ealt Daiaa on Slide Master

Project Mile“éibnes |

« Proof of concept
. Evaluation of all devices
» Field trial evaluation — selection
+ Ryder7/24 & 25
* Prototype revisions
7129
. Mechanical assist device with tachometer
+ Field frial — scheduled week of 8/12

« 5 1to 10 Production intent units
» instruction sets
» Any final revisions

» Production release — week of 8/19
« Shipment of first units to field — 9/15

SKF 001617



Discussion | Subject inner ring hardnees (Incoming Inspection)

Cworviow for Inner riry) hardnass {eub-supphbad) aparation:

b4
HardmaaalR_Aken.xl

SKF 001818




Dlscui,sjtm i Subject: Soal Ait / usambly process
[EVECH Mn i "I i A JE-:-'!’I - .

Category: Quality

Seal fit: saal asambly pROCABE

W

Sealft_asssmbly.do

EKF DO1822




DISG“ﬁSlUn " Subject: Stud Incoming inspection yid, 2002

‘ ;'.Ilhgnry: lf.'luaﬂty

Cverviaw of content of auppier cedificates for studa:

siudinsaminginap w02

SKF 00182e




YB-BTF{S2 A STUD LOT NUMBER TRACKING

LOT 1 ] LOT B _

T | hem | aeEPM | Meworry | om MR, Duts "::‘ SUEPM | Metor PN | BM
FT] 1| S | BIT.D852 A, | HEPOLTES 32 | 34 1 Ry | BITO0hS & | HEFOUTE 32 | 341374
S| R | BITOR2 A | HFPOUTS 32 | 3aa8sd 10202001 | RBN | BIT-O5 A | rErolis a2 | i |
N0 | NN AERGUTS 32 | 3308 w007 | a0t | DIT-0aZ A | AFTOUTE 38| asiark |
IV | DRy | BTP-DO52 A | HETOAT 1S 52 | b 10FENZDes | S0 | BTP-DORZ A | HPFCAITS 32 | W7 |
¥135001 | DEA A [HFFORNE 32| o 0201 | BF0062A | FPPOUTS 32| ST |
LOT 2 LOT & )

R | Julsa Sillan

poibiy o MMEPN | MerdlorPM | 30 MFR, Das Dgn | SHEPHN | MadiorPH | SN
A0 | 13001 | BTR-Cob2 A | HFFOUTE &= | TZA1A0F | 12101 | BP0tz A | HECOUIS 32 | S |
[ | :1% ATF-0o52 A 101 | BTPD0S2A | HFFOUTS 23 | 3891 _|
(APt | BIF-0052 A | HFPOLTS 32 0] | BTP-0082A | APFOUTS 32 | 38eans
ACRT0N] 12001 | BTGz A X7 | 30408 1ZU20GY | 12001 | BIT052 A | FFFOUTS 32 | 356a03 |
M0N0 | 12001 | BITGobe k| HFTORd s o | oy 12117206t | 12101 | BIT-O00Ge A | | |
LarTa LOTY

MPR T wEn | agem [ meeren | a MFR. Duin "& SNFPH | MadorPiN | EN
TAEAKH | 20801 | BIF-00E A | FFTaTE g | adnaia W0z | Uabiz | BIT-00kz A | ARk ag | dareid

L3080 | BIF-D0he A | FEFOLITS o2 | TATTh: | DaR0Z | BIrD0bz A | HFFOUTS A2 | 367653 |
Tiomo001] 206 | BIFEDOGZ A | VTGRS 22 | LUM0z | D3RG | BYFOOSZ A | BEFOUTE 321 SRToed |
Freami| Aidn | NTFD0as A | HPPOUTS 32 | 345088 TWaE | ST | Br0ae A | PPOUTS 22 | SETm
[FPARAT | S| ATF-00R3 A | HFFCUTE 33 T || AFPCUTS 32 | 387088 |

LOT 4 _ LOT B _

PR [ = | srrm | wormorrne | am o | 0 | grp | MeorPM | &M
2001|271 | [TPFOUTE 22 | aetare 0200 | 792 | BITD0GSA | HFFOUTE az| 37418 |

| ZrE0l | GIFes A | AFFolTE 5 | 5 WIBZOE | A2 | BIF00aEA | RFFOUTS 32| Jr4ie
% 501 | NTP-DOSE & | HRFOUTS 33 | THEDDD | Ov705 | BTP-DOA2 A | HPEOANTS 32 | 170 |

TE | B0 | DIT-0sa A | HFPCUTS 12 | 38THT o0 | HIT0E | Bir-0eig A | RFFOUTS X2 | 374171
nEEn | 2500 | [(FEFOIMS a7 | 3E1378 V0G| o702 | BITO0ao h | RFCOUTS ap| Jr&1T2 |

SKF o682y



Discussion Subject Intarns geometry - Alken 98 - 2002

Main Toplc.
' Catagory; Quality
Jusrgery .
Echulthele/SCHISKF
07/28 07:47 AM

Ovarvlaw on imtemal geamatry data fram Aiken from 28 to 2002:

S

Monthly (ntemal Secmetry Reauita9a-0:

BKF 0018331




Discuasion Subjact: Tracuabllity System (to bs Implsmentad)

Catagory: Qualily

According to the overdew of narls uasd for THU applicationa traceablliky system will be implementad:

AIKEN THU MAICR SUPPLIER TRACE LIST.

Traceabillty docimantation: { tn be Implermented )

Traceabillly. do

SKF 001638




]

BTF-0{M2 AJB ! AA | BA

Cage CJ-BTF-D83 Nanutacturing Data Ench Box
Growss GREASE EP3 LF Buageh Lot No- Each Drum
nner Ring Forge JA-BTF-D8 %0 Order & Hewt No. Ench Bex
Outar Ring Forgs OF-HTF-0030 Dis Coda Each Uinit
Rallee RT-BI7L Manufacturing Dats EwhBox | ooocoenr Log antry st Change-ovar and
ciip RRATF-0038 Dadivary Datn Ench Box whan Baich Lat No. and or Product
Seal SRETFR2% Mmnufactuing Oxte | Each Box Kmmufecturing Dats changs
SF Snal SV-ET-20020EA | Muewiaotring Dute Each Box
Btud VEB-BTF-BMA2A Balch Lot No. Pwch Bax
Bhat VB-BTF-8R Satch Lot No, Each Box
ABE VF-ETF-0042 Mwnufechiring Bate Eaah Box
BTF-0065 A & B
Coge C.-BTE=-DO31 Manufeciuring Dote Esoh Box
Gresds BREASE GWE Buteh Lok No. Enah Drum
Inner Ring Forge JM-BTT-0025 Owder & Heat No. Esch Bex
COuder Ring Forge OF-BTF-00TS CHa Coda Each Unit
chip RRATF-082 Nasufacturing Dute EoshBex | oogrator Log anty ot Chenga-over nd
Rallar RT-302L Dail vury Dalw Ench Box whan Beich Lot Mo, and or Produst
Seal SR-BTF-0050 Monufecturing Dats | Esoh Box Manufacturing Date changs
R-Exfa Seal EV-BTFB-{4:320C0 Manufsoturieg Date Ench Box
Shud VA-BTF-0082A Batch Lot No. Emoh Box
Stud VB-ETF-08%2B Batch Lot No. Eaeh Box
ABS VE-BTF0031 Manufacturing Date Eash Box

SKF 001637




Parl number:

Traceability documentation for BIF 0065

Part designation: R - Safe Saqal

Dats:

Julian date:

Batch lot numbear;

BKE 001833




Tra u i T 65 Data:

Part designation: Stud

Patnumberr  VB-BYTF-0052B

Batch lot number: jncoming release | Remarka:
Hate:

Jullen data:

SKF 001630




T abill meant BTF 006

Part dosignation: ABS ring

Fart number:  ¥F = BTF = ()31

Date:

‘Part No. _ VIE - SO - engn B

't:-'.’:rt!ff M
Wﬁlg‘;ht ’ z = %
F-;x‘:.i. Mo, Mff’"ﬁ”‘ﬁ":—f"’

”I,.-ii'lﬂ
___l'.'."ﬂ'tﬂ

Jullan data: ManTRciiniagedateium ber 0
folensa odie.

S5KF 001840




Tra

bll tatlon for BTF Q065

Part designation: Seal

Partnumber: SR - BTF - 0050

R R R LN TR R R Ry TN TR I T}

Julien date: Menufacturing date;

Incoming releasa
date:

SKF 001841




Traceability documentation for BTF 0085 Date:

Part designatien: Inner Ring Forge

Part rumber:  JM-BTF-0025

Lepal;

T o Lo L TR Lald, ! PS5V [ T LT SEE T SITE
Lt LN T o e LR (TR AT R
P ol IR CITETE PR AT R

Julian date Incoming retease
teat number date;

SKF 001842




Caa [-)

Part designation; Grease

Part number: Qraase GWZ

r BTF 0065

Crate:

Batch / Lot No.:

EKF 001843




Part designation: Rollers

Part numbar: RT 502L

n for BTF 0065

Draita:

Ineoming ralease
; date:

SKF 001044




Traces n h

Part dasignation; Rollers

Part number: RT 502L

Date:

mkk NN PN P INTRTTIR YIRS )

Incoming reieass
agaseombled part: | date:

SKF G01646




Traceability d for BTF 006 Date;

Part designation: Cage

Part numbar:  CJ-BTF-0031

Lebel e i . |- oy .
;:m.: PR *nn:uma ii Gﬁ- i .
woreLe o . i — :
F i o B
: ! .
, i A
TR

50 ;
Jullen dmta: Refarence 1o Incomning release | Remarks:

aesambiad part: date:

SKF D01548




Tra il lon for BTF 0065 Dats:

Part designation: Quier Ring Forge

Pertnumbar: QOF-BTF-0075

Jullen date: Referenca to Dla | Incoming Bemarks:
Code relesss date:

SKF 001847




racea documentation for BTF 0065

Datba:

Part dasipnation: sevsssssrrscaninnae frmamnnmnas -
Parl numbam siesrissrsssanrssrmmmssitimnnn e
Labgl;
Julien dats: Reference to Incoming releasa Remarks:
mssambled part: | date:

SKF 001648




Traceabllity documentation for Date:
Pari dosignetion;: «verrescssarecccrtannmnnraianan
Part number: N TLLL LI YL T T L
Labal
Jullen data: Referance to Incoming releass | Remarks:
assemblad part: date:
SKF 001849




Traceability docu ion § 00 Date:
Parl deslgnation: cooviuimniisrrnsesarrr e e au
Part numbar  .o.cecericimiismnersr deasremarrrens
Labet
Julien date: Referanca i Inceming release | Ramarks:
assembled part: : date:

sk pO1850




Apex paint for THU application
Qualky

Apax peint definiion for THU apgfcation:

spax_point.doc

B8KF D)1861




Axial Clearanca Procadures

;‘S!unlly

Campariacn of manufecturing the comect axial clearance batwesn SKF Luschow and SKF Alken

Axiglchear_Lus_Alken.do

Procadurs for callbration of axial claarance measuring auiomatics at Aiken:

axdaicinar_routne_alken.di

BKF 001863




ATQ ] J.B F22-07-2002

i nces In ma ctyrin ching t cl
clgarance between SKF Alken and SKF Luschow:
SKF Alken: SKF Luachow:
IR raceway diamatar grinding OR raceway diameter grinding
according to defined tolemances according to defined tolarancass
Stand out measuring of cone set 100% OR raceway diameter
{ 2 cones) after assambly of rollers | maasuring by automatics
and cages by maasuring
automatics _
Stand out result of cone aett ¢cones are grotped in 6 diffsrent

transforred to OR racewsy grinder -
raceway of OR will specifically
 ground for the cona set.

groups (stand out)

OR and conea sot will bs matched

According to outer diameter the
the adaquate cones (stand out)
ara asssmblad automaticalty.

100% measuring of axial clearance
by measuring automatics

100% measuring of axial clearance
by measuring automatics.

According to axial ciearance result
unit will be soried as "in
specification" or "out of spec.”
"units In spec™ will be transferred
to next operation.

According to axlal clsarance resuit
“In spec.” process will continue
"out of spac.” process will be
stoppad..

"Units out of spec.” will be sorted
out on apacial rework station.
Oparator has to sxchange cones
according to actual axial clearance
rosulis.

Operator has to exchange the
cones manually.

Rewoarked units have to pass 100%
axial clearance mesauring
sutamatics again.

Re-matched units wil! be chocked
for axial clearance again.

Only units "in spec.” can leave the
station.

SKF DO1854




Matal Clearance axcesded [ Monson case }

i:luullt)r

Attarhad repost from Chris Jonas regarding axcesded Axial Claarance;




SKF 00184,
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Additional interim Corrective Actions:

1. Requested Edmunds Gage for complete on sits svakiation of wdal clearance gage for
re-design of gage to eliminate isave.

2. Repiace diaphragm avery threa monthe to ensure no material fallure accurred, while
complets gage design was baing mvestigaked.

3. Craata two hub agsembliss io be usad a6 masterg and verify the onvline gage
rapaatabiity oh a regular basis. '

Corrective Agtions:

1. Redeslgn gage and fabricate parts by Edmunds Gage.
Compiaticn Date: Februsy 2000.

2. Refrofit gage with new special cylindsr.
Completion Date: March 2000.

3. imptement thrae mastars to perform validation checks at the beginning of sach shift and
chart regults on form BKF THU-0034. )

Manson Steor THU Fisld Concens Root Causs AnlyS
mmzammt.smaﬂ

QKF 001080




2002-07-19

10:3%

w49 9721 562684

SKF GMBH / ATE

P.6/6

Sl A AN A AY B ) DAY R T | DAY da DAY 34
3 ol F . =

T e S Tt SRk N (e Tt ST e MOl T

T g il s GiHiNproel Snid

P e : ?;'smal!_—l 575 5

L. "::;I\-uﬁ.'."-" ' .-'-.'lla.ll. . '.‘l-l'l. .-ll i E

. i

......... - ! - ....;

b

PAN¥SEZI1 Range = BOS - 009

Form SEF THU-0034
The actions above have provided a conaislent application of the 300 Newtan foad.

Gurrant Containment Actions:

A stock audht was perfermed on Septembar 20, 2001, In which five bearings from each mgnth
remaining in ihe waushouss {March, Apvil, May, July, & Auguet of 2001) ware re-inspected for axdal
clearance. The studs, ABS rings wers removed and the axiai clearance was rechecked using the
on-ine exial clearance gage. The results were compared o the inflal readings stoted In the GE
Fanug Cmplisity during their original production. Remembering that thess baarings were
rechecked with grease and seals instaled whereas the origine! measursments did nol have these
impadimanis, our findings Indicate (he recheskad results am simétar to the nitial measurements.

mn | BAISIZ2.2 Range & 040 - 045 m §22-3 Range = 070 - 076 mm

Monson Skear THL) Fisit] Concama Rool Cauee Anslysls
Chriw Jonew, 28 Nov 1t Page 4 of § -
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Discussion | suwec:

Summary of devisthon approvals [ Thread and Hub Cap )
Catagory: Eluulitr

Attached aurmmary of approved devialion requests aoncaming:
= Huks Cap

= Thread of THU Linkt

HubCapDev. s

Gmph for approved devietion redguesis:

rhibcapdey . graph.op
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1999
440 505
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B

schultheis2002-07-10_134325,| schulthaix2002-07-18_1332825 ] achulthoia2002-07-18_133842 )
schultheis2002-07-19_133802.] schulthein2002-07-1 E_‘.I 33922.] mchuthes2002-07-19_133%42 |
schulthels2002-07-19_134002 | achulthels2002-07-19_3 34022 | schulthei=s2002-07-19_134043 ]
schulthelsZ002-07-98_134103.] schultheia2D02-07-19_134123 j schukbein2002-07-18 124143

achultheis2002-07-18_134203. schultheis2002-07-10_134224.j schultheia2002-07-19_154244 |
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schulfhels2002-07-19_134304.) schultheis2002-07-1% 1337563
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ATCHJ . 5A19.07-2002

Summary of Engineering Deviation Requests

1997
3000 4900 1560 4310 5000
01 02 03 04 05 06 07 08 0 10 1 12
1998
180 re
Sy
2682 5000 4000 405

no data

aqg 100,00 77

01 02 03 04 06 07 08 0 10 11 12
41999
440 585 10000 77
1 | |L| | l L. | | ] | J |
01 02 03 04 05 06 07 = o8 09 10 1 12
+ Hub Cap Thmead
¥ Thread 5.25x 8 SKF 001671




Digcusslon Subject: Capeblitty bore grinding - parsmeter K1 [ rectangularity side face

Ouality

Short term capabillty Investigation for parameter K1:
Msasuring principle:

Result:
{Exiract from avaluation report)
Samplasiza § Avwarage range 23
N'Samplex 0 fomage 334
CPW, % Emidp By 0OZMA
co7ay | 288 | 000 gy 1 AT
eepoow | 24 [ OOG Q073 Faie 0500

0,000 Ferc  pmi02

capablity_K1.123

Reault 5o verified by capablity calculafion acconding to svakation princpia C-stat.
{authorized svaluetion matall frem FORD)

SKF 01872




Dls'ﬁusslﬂn Subject: Roller quailty preduction Glasgow
s g | Cotegery: Qualty
SchulthbkmBcCi
02457 0438

Summary about Inspection raastia for oller pmduﬂﬂun ot aupplier Glasgow.

rellerqual_ntasgow.d

Singte purdh reduls:

e

roller_flas_qraausts.

BKF 001874




Summary of audit results : Reller production Glasgow ( RT-502 U1 D/B225) ATOY 3 1 16.07. 2002
Farmameton Toler
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End Radis | End Finish | End Rureout] oo | wandneas } 00 TP 0D Ska ] 00 Finkzh Halght Location
3 2 F 3 - E] 3 2 1 1

s ok Eu._gi nk ok E ol ;u_ : __% L; ok
ak ok ok ok ok ak ek ok K ok
ak a.k ok ok Dk ok ok 2.k (X ok
[V ok ek ok ok ok ok ok ok ok
ok ok ok o.k ok ok _ok ak 0.X ok
-1 ok L] 2.k ok ok ok a.k ok ok
ok 0k ok 3 ak ok Bk Tok ok ok
ok ok _ak ok ok -] ok ok 0 ek
all ok ak ik a.k 0% k o.k ok &.k
.k ok 0.k [X] o ok mh 0.k a.k ok
ak ok ok ok ok o.k ak ok ok ak
ok ok ok [ ok ak ok 0.k ok ok
ok wh ok [ ok _ak ok ok ok L.k
ke a.k ok Y] ok ok nk ol ok c.k
ok ak ok 2.k 0% ok ik ok nk ok
ok [ oX -1 0.k ok Bk oK ok ak
ak ok _o& ok o.k _ ok ok o.k [T ok
G40k ak ok _{ ok ok ok ok gk ok ok ok
ak ok Dk ok ok _ok ak ok 13 ok

mnm! 4 ok ok i (13 uk ok ak ok ok ok |
[ 11] 4 2] ok ok ik ok ok ak ok Gk ok
THEES] 4 ok ak ok ok vk ok ak oh ok ok
I 17 ok ak__ | ok ok ok ak ok ok “ ok ok
TENee] 4 o.k ok ok ok oK ok "ok ok o.k 0.k
- o ok ok ok ok ok ok ok ok aK
an1Ho00] [ ok ok ak ok ok ok ok ok ok ok
iErgee]  # ok ok ak ok ok "ok DX ok [T 13
PrE] I ok ok ik ok "ok ok ok ok ak ok
W 1550 4 ek ok ok ok ak ok ak ak ok o
Q2010059 L (17 ok (13 [ ok ok ah ok ok ak
10¢1:3/186%] 4 ok oh ak ok ok ok ak ak [ n.k
[l = ok ok ok ok ok ab ak ok [ ak
11041668 [ a.k ek ok ok ok a.k ok ok ok ok
127111 4 0.k oK ok ok ok ek ok ok ok K
12w A ok nk ok ok (13 oK ok ok ox Bk
12723N [ ok 1] ak [ [ (] ok ok ok a.k

SKF 001676



Summary of audil reaults ; Roller production Glasgow {RT-502 N D/B 225) ATOF L5 FBAT 2003
— -
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Production data for forging JM BTF 4023 {1898 - 2000) Luschow
fMmtarial cartifcates

Quality

Production data for BTF 0025 from forging unit Luschow and related maderel certficates and approvala

SKF 001678
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Produktionsiibersicht Schmiede JM-BTF 0025

DATUM 'AUFTRAG Typel  Arfainecwnér Meschine Kostnelsilai CHARGE 1 CHARGE 2 CHARGE 3

14.06.9008

26.00,1508
18.08.1508
0L 00,1008
24.00.1998
03.14.1958
12.12 1606

-15.01,1960
12.02. 1568
. 24 (12,1960
29031900
25 0=%.18950
12.08. 1900

17.012000

o19a84
620704

M0 -

BoE05
|EX

. 500423

S48206
BHH86
L HEe. [r'd
T21ET2

&0e0N
28308
40001
851168
BEEAE1

- gaTns
. B9850
801067,

JW-BTF-000%

JBA-BTF0025 -

JMHETFAID2S
JMBTF-0025

JHETF-0026.

JN-BTE-DI2E
S-BTF-025-

IN-ETF-0025
JNBTF-00S.
IM-ETF-0025
JM-BTF-00Z5
JM-BTF-0025
JMA-BTF-25

O T

ANP 01

ANP TOL
AMP 70-L
AMP 751

AMPT0-1

ANIP 701
AMP -1

AWP 701
AMP TO-L
AMP T0-1
AMP Tt
ANIP TO1
AMF T0-1

AMP 70-1
AMP Ot
AMP 7041
AMP 70-1
AMP T0-1

- AMP 70-1
. AMP 70

AMP T0-1

H-P3056
H-P3543

" HPEBAN

2130158

. 213164

KGT16080
KaTis2es

KGTAG082
H-PEaS
H-PE258
2130085
H-P8s

KG721838

- HPoae

H-K1738
KGT24510
KGr250a5
KO725082
KGTX88)
KG7ITSIE
K7 27585

HHP2008
-H-PE540

‘H-P#4CH - HP4T24

H-PEOGY
H-Pedr1g

H-PT200

HKITE0  HKITSE
KRT2E2

KGTMABI0  KGT26123

18,000
17.200

15120
. 8.0

50.180
4.7

BCiL@ ZBOT/LA/B1

@Tb-TZ1- THBS—6P+

MOHOATT NHL-=S

T8



DISI::"I’SE Si?ﬂ ml-u. Pracass Layout Alken / 100% Measuring Automelics

;Jualrtr

Proceas Flow Chart Alken

THU_ Procass Lavout Aken >

Mmsumnﬂndphs: 100% meaauring autematics grinding f essambly cprations

W

MPR_100%_summary.c

SKF 001713




ATO {J 8/ 23-07-2002
| Paramaters mansured 100% by measuring sutomatics l

Weasuring princlples: Edmunds Gage OR grinding

BTF-105c

Racewsy diametar A1in 3 difarsnt levela
- caleidation of raceway CEowmng

= cateuistion of raceway angle

- cakulation of roundness

Raceway diamatar B1 in 3 differant isveis
- calolgtion of raceweay crowning

- caltiletion of racawey angle

- ralcutation of roundnass

o [

\ ;

Radled run out - brake pllot {Mtng diameter for brake dnen)
Axial run out - of flange GKF DD1T18




ATG T J 3 F 23072002
Parameters measured 10;!% by measuring automatics

1

ured 1 E

Axlal denrance

ABS i out

SKF 00717




' AT@1 JA | $-07-2002
Parameters meagured 100% by measuring automatica

Measiring princiclea: Edmunds Gage IR grinding

_'\m,{_.r»
—
00

Parspeters messyreg 100% by Edmundg Oage:

Bore diamatar in 2 differant levels
- calculation of conlcliy

Wﬂm
Stand out cona

gKF 001748




DISCU&BIDI’I Subject: Nummber of raplacement studs {status: 22-07-2002)
. VT

Culwpory: huaﬂy

The following chart provides delivery dates for the VB-BTF-0052A studs.
They wers all shippad to the sama customer {ArvinMerticr - Florence}.

Dwta Shippad Quatity
Ha2nn 1,000
2M 400 1,020
218/00 1,037
ar&on o
1500 Ba0
2100 300
2300 1,020
TIZTI00 70 '
2200 00
1500 1,020
10118100 1,020
11/16M0 1,020
Az 1,020
e b 2020
o AugaRe -l e
a2 8980
332202 1,035
Bob,
Brad Begley gave me the following data for sale of stude thru Florenca:
Long atud
1959--3,361
2000--7.6189
2001,--5,760
2002--6,556 (¥YTD thru 7/18/03)
Bhort atud
1999--70
2000--1,855
2001--3,034

2002--1,380 (YTD thru 7/16/02}
Theae are sold predominantly to OEMs for sale bthru Dealerships.
The increaming sales rate (at least for the long stud) could well ipdicate a

T M'\T"g




higher failuvre rate and subsequent atid replacement rate. That's 211 we can
tall you.

Tom Sanko

SKF 001720




Discussion [ sue

Bchuthwi L R o2

Catagory:

Stud Investigollon summary

;.’.‘!uallty

Invastigation results of sasnplan { Ceriticats results Ingeracl

Stud_invest summaryx

SKF 001721



DIBGI.ISSIOH "Subjoct:

Matri ] s

Cagabiiity of matching unit iy Alken dus o sxial cearahce
Qualty

BTF-0065 AXIAL GAGE REJECT ANALYSIS

oy | TP | o E| "t
Percentage
10.07.2002 271 18 6,84%
11.07.2002 250 27 9,31%
12.07.2002 234 16 8,84%
Sum 186 61 7,67%
Avarage 265 20 T.67%

Max. Rajected n. Rejectacy
Axie Clearance | o Axla
Value rance
Vaiyp
0,080 0,008
Detalled data altached:

axialcap_afkends

SKF 001725




BTF-0065 AXIAL GAGE REJECT ANALYSIS

Q036

0.040

M. Rajsoted
Axle Clamrwnts
Valua

Clhauwranos

0.00&

SKF 001729




Discussion
L Mhlr_i:M‘;., _;E_;

Jugeg

0716 10:38

) em -
Schulthe ECHEKE . -

" Bubject:

Catagory:

Scrap enalyses CR-Bethlahem -VAait J. Kirch £ J. Schullhels

'Quallly

CR_Bath_criticaldefacts_batch.:

SKF 004732
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Parato of production scimp:
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Intarnsl relusss report for cage: CJ-BTF-0031

;.'ll.lallljI

Halky Herr Schulthels,

In Anhang finden Sie sinen inteenen Pritbericht der Kampanente Obar dan
GJ-BTF-0D031,

{Intermal ralease roport for the cage: CJ-BTF-0031)

Mit freundiichen Grilan

Kerstan Zuhi

)

doct K

SKF 001739
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Subjact: THU preduction Luschow: quality results 1998

Categony: ;‘.Iluarlly

Hallo Mike.

} am In Luechew now and | chacked togather with C. Zuhl all documentation avallable for ihe
THU produciion for 1988 for the THU type: BTF -0048 A/B.

Sea attached sheat.

BTFOO48 1908.:ds
There were no deviations detectabie which couid Indicate specisl fleld retums for the THU.,
The only devietion we coukl ags Is that there were for the order numbers
M 209674 and M214548 raceway crowning valuas on the lower side of specification.
More detalla¢ Information would be avaiable on requeat.

Best reganrds
Juergen Schulthels
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Auftragsvarfolgung BTF-0040 A / B

Tvpe
BTF-0048 Aufirafy Start Produktion f Eln
A M167120 WY 50 ) 1997 080 94 .. 09.01.58 2500
B M189112 ¥ 50 4 1957 Z312.87 .. 301297 1300
A M{ET122 KW 02 / 1554 230198 .. 12.02.%8 4000
A M195136 KWOS f 1833 11.03.80 .. 14.05.58 5500
A M195137 KW 06 f 1958 [7.63.50 .. 11.0388 1800
B M1 KW 05 7 1953 20.01.95 .. 150,88 4300
A M198T0a KW 02 7 1953 2401.58 .. 26.01.88 2000
& MZDa0op KW 14 7 1538 06.04.58 .. 20,0598 3500
B MZ203100 K\ 38 7 1998 14.04.59 .. 17.04.08 2500
M MRS KW 19 / 1858 70658 .. 01.07.64 280
B MPTDERD KW 14 { 1568 14,0568 .. 19,0598 2500
A M21438 KW 20 £ 19548 20.05.54 .. 26,0568 4300
B M2 4550 KW 2 F1088 19.09.98 .. 23.07.58 600G
A AEZ22430 KW 28 f 1968 20.05.90 ., 200708 3000
[ MZZ24Y KW 38 7 1058 e on_ 2A0098 4500
B WLXZZAS2 KV 50 7 1908 200898 .. 1.10.98 1800
A MITEZIG KW 06 7 1990 25.01.65 .. 30.01.00 2500
B METTERIT Ky 04 7 1995 0.01.89 .. 05.02.60 2500
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Discusslon " Subject: Raller quality dallvered from SKF Vesnendeal
'-Cm:(: E}ualt‘f

Enclosed | send you 8 aummary of the historical quallly data of roflers RT-502 lILAK4511, that we have
praduced for SKE Alken.
! hope l.'hus informatlon is OK. If not, than please cell ma.

Historioal dale RT-602. de::

Bas! regards,

Mico van Manen

SKF Kogsllegerndustrie/VeenendaaliThe Netharlards
{Tel: +31 (()318 532105, Fax: +34 {0)318 532112)
(Emai: nics.van maneniiakf.com)

SKF 001748




EUSE

SKF Kogellagerindustrie Memo ' 1(2)

Fram Rof

NMico van Manen 2002.07.10

Crunlity Assarance

™ : Sakjoet ' .

Jirgen Schultheis : Historical quality data of RT-502/TILVE451 ]

1. Deliveries io SKF Afken

In February 2000 SKF Kogsllagerindustrie started 1o deliver RT-502 /ILVKA4511 rollers to SKF
Aiken. Before that period, SKF Glasgow delivered these rollers,

Difference between Veenendaal rollers and Glasgow is the heattrestment; Glasgow delivered caze-
carburized rolters and Veenendaal detivers martensic through-hardened rollers.

The following quantities have been delivered:

Date: Number of ploces: Ordemumhber:
2000402 53,000 221205
2000/03 53,000 2212906
200106727 350,000 W3s8712
2001/07/23 125,000 W3i66339
2001/10/16 15,025 W404213
2001/11/12 215,000 W4i2406
200202412 325,000 WeddZ2108
2002/03/18 300,000 WA448242
2002/04/08 250,000 W462072
2. Resujis of productandits

Product sudits mperﬁ:mﬂddurh@ﬂmmmlpmducﬁmmm.mwmmndumlytakmmdﬂm
results are following: :

Date: | Channel: . _ Ppk: _
Pw [LBC | Wz [ W3 |we [Ws |wWs |[wr |Hl Frz_ | M3
_ K. 1 wimer | WERAY | WIREX
o vaY | 33 257 FI] 16 |18 48 7.2 a2 5.0 T8 [ ] 32
mMAeaR7 | 0 812 a7 G4 | 31 35 28 1¥ 11 18 20 3.2
ores | 8 4.88 2.1 az | 23 33 a7 14 2.2 5] 29 19
0o | 8 BN 33 A5 | B2 4.4 6.1 &5 a.r 4.4 §.0 B2
2ndne | 8 182 1.3 43 ] 59 a7 1.0 22 22 1.2 1.8 id
Explanstion:
Pw = convenity of racoway profile
LSC daltar = upenmndness of eceway
Wl = 2nd harmanic unroundoess of recewny
W3 = 3 hermonic unrommdnes: of racewny
Wd = 4th karmoric imroundness of ceway
W5 = 5th harmonic serauirdness of moeway
Wéa = &th harmonic yaundness of rceway

SKF 001740




Subject: Roller quality delivared from Qlasgow
Category: bumhy

To; Christopher. JonesdDakl.com, Jurgen.Schukhelanekl .com
(= rrwallacedrhe baaringe.com
Subjact: Re: Cuakty of conformance for RT 502 L

Gent lemen,

1. Frem the Glaggow plant, we supplied the 502III1DB225 rollar to SKF Aiken
aa £zl lowa,

Month Juantiky
De=c. 58 475,066
Jan. 953 £34,214
Feb. 59 GE0,314
Mar. 33 803,831
April a9 515,153
May 95 gl9,2318
June 99 828,124
July 9% 213,012
Aug. 59 523,183
Hept . 53 470,272
oot . 89 233,838
Hov. 99 TAT, 417
Dec. 99 11,773

2. Praduct Audits

fturing the grinding oparation product audita were tonducted contlnuoualy.

If a non conformance wag found that product was not ussd. We are fawxing to
Chris Jones examples of the summary sheets for our ongoing audits. Backup

data including kEraces are atill available for thems pummariles.

3. Material Cmrrificates

Material certificates wara, and ars reviswsd vhen the raw material iz
recelved. There were no non-caonformancaa.

4. f=at Treat

Evary heat of rollers wag inapected in the met., lab., and no
hen-conformances ware found.

5. PRAP

The final PPAP for the Aiken Truck Hub Including the rollera was March
1938.

Best Regards,
Ed




DISGI.I_S;_SIOI'I Bublect: RFT (nveatigation result for R-sate soats from CR-Bathisham
:MnTépl . . )

e Categary: Cualty
0PI BB AN -

Extract:

RFT Quailty Departmant recelved B0 plecas, in 3 plastics bags, In order to perform a visunl expect
analysis on them.

Conclusions
Results:
- 50 piaces vearified.

- 10 piece with defacts. Tha sasis analysis shows that cnly one plece (2% of sl the pleces
enelyzed} |5 defestiva an hath the lips (axlal ang radial). This bs the only one that can have a risk of

eafly water Ingress. The other 2 pleces have dafects that, baing only on a lip, have very lile
influence on early weter Ingress.

The meln defests found on the pleces are dus to a manual defiashing oparatian not propedy performed or
to wilcanization.

All the geod and defective pieces are ilentified and are available in Plant Qualtty Assurance VILN.

W

regort beth Iv.dos

Bast regards
P. Spadaccini
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Report (12/04/02)

Item SV-BTFB 446329 CD
Bethlehem Production

Raport by G. Ceresa and A, Zampleri

Visual Aspect Analysis

RFT Quality Departmant recelved 30 piaces, in 5 plastics baga, In order to parform a visuai
expect analysis on them.

~ Photos of the ltem:

SKF 001753 Pag 1 of 1




Photos of the defective pieces
Here below some photos of the 10 defective piaces with comments,

Pleca k|

NOTE: The radial lip is interrupted —
probably cut by a knife during the
deflashing operation

Measured: 5.17 mm length, 0.37 mmm
height , ¢.075 mm depth.

Plece | 1.1

NOTE: Mounting tha pisce on a
Plexiglas mandrel it's possibla to see
the sealing lip interrupted.

Place | 2
NOTE: The radial lip is not uniform —
defect originated during vulcanization

BKF 001785
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Place 3

NOTE: Photo 1: The rubber flash is
out of tolarance — pisces non proparty
gaflashad

Pleca | 3.1

NOTE: Photo 2: The radlal lip is not
uriform — defact originated during
vulcanization

Place | 4
NOTE: The radlal lip is intarrupted —
probably cut by a knife during the
deflashing operation

gKF 1768
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Place | 5

NOTE: The radial Bp is intemrupted —
probably cut by a knife during the
deftashing operation -

Plece | ]

NOTE: Axial lip incompleta (lack of
| material) - dafest originated during
vulcanlzation

Place | T

NOTE: Tha radlal lip is imermupted -
probably cut by a knife during tha
deflashing operation -

SKF 001757
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Plece | 8
NOTE: Tha photo shaws the radial lip.
The radial lip |8 interrupted — probably

cut by a knife during the daflashing
ppearation —

There |a also a lack of material on the
axial lip — defect orginated during
vulcanization

Measured: 17.0 mm length, 0.30 mm
halght, .09 mm depth.

[ Plece | 9
NOTE: Tha radkal lip i not uniform -
defect originated during vuicanization

Plecs | 10

NOTE: The radial lip ia not uniform -
defect orginated during vulcanization

SKF DO1758
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Conclusions

Results:
- 50 piecae verifiad,

- 10 places with defects. The saals analysls shows that only one place (2% of all the
pleces analyzed) Is defective on both the |ips {axlal and radial}. This Is the only one
that can have a risk of early waler ingress. Tha other & pieces have defects that,
being only on a lip, have vary litile influence on sarly water ingress.

Tha main defects found on the pieces are due to @ manual daflaghing aperation not
propery parformed or to vulcanization.

All the good and defactive places are identified and are available in Plant Quality
Azaurance VLN

SKF 001789
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Subject: Audit report. CR Elgin / CR Bethlehem ! Defact rete on R-safe seals
Category: Cuiglity

Altached an dreft of tha audk repor for
- CR Elgin

- TR Bethleham

- Invastigation resuls for R-aafa seals {pementage of defact seals defiverad to AM)

Raport a3 an draft has o be checked before hand out to customer It

auditrepor,_beth.dox

SKF 001780




Audit report; ATQHLSIL6.0742
R-safe seals mad CR-Bethlehe Pege: | of

Watar ingness on THU manufacturad In SKF Alkean far customer Arvin Merior
auned by devistions on R-aafa seals menufacturad In CR-Bathlahem.

H was dockdod by BU-Truck managament to carry out an procesa audh at CR-Eigin
and CR-Bothlohem with tha target to investigale, IT thens were possible procass
changes, quallty problems during production o f the differsnt seal batches Gausing
tha problem in the THU application.

Process sudit 3¢ CR Elgh: (preparation of rubbor batches)

Data: 24. 04 up to 28.04 02

Auditore: Johann Kirch {Quality manager of CR-Elasiomera Lovarkusen - Garmany]
Juermgan Schulineis (Qualty menager of Business Unlt Truck - Germany)

Maln scope of the audit;

Preperation of tha different rubbar batchas in CR-Egin for the R-safs saal manufaciurad in
CR-Bathishem.

The audit incudad following nparation staps:

* In aming matarial
{ raleaned supplers, in coming Inspeciion activilas, relsase of material haichaa, labaling of
miatarial batches, storage of material batches, first-in Arst-out principle, control of defined
Ehorege times) ’

* preparation and ralsase of rwbber material
{ ukage of dafinad row matedsle/zuanitiss accordng to rocolpt, process paramatars,
g-documents, meatsral ireceability , approval nspection, labaling system )

* investigation of rubber material
{ Investigation-/ evaluation principles, (atoratary squlpment, calibration routing, quakfication)

Cone 1 H

Invastigation results of the different rubber baiches produced in CR-Elgin shewed no
deviations outside defined specifications that Indicatea pesalble problems dus to
machineabltity during seal production carled sut | n GR-Bathlahem.

Proceas audit st GR Bethlehem: (manufacturing of s=als)

hata: 22.04 up 10 23.04.02

Audtiors: Johann Kirch {CQuality manager of CR-Elastomera Leverkussn - Gaomany)
Jusrgen Schuitheis {Quality manager of Businese Unit Truck - Germany)

o] [iH
Manufacturing of R-safa seals.
The audit nduded following operation staps:

* In coming Inspaction of
= rubber hatches for the R-safa asal preparad In CR-Elpin.
- wiampings
- springs
BKF 001781




Andit report: ATQ/IBNG.07.02
R-aafe seals made R- lehem Page: 3 of 2

{ carlification chack, release of batches, storage and labealing of hatches, FIFO-principle)

* Preparation of rubber tubss and rehbar dngs
{ work procadures, process paramaiars, Inspaction aciivitas)

* Maolding pr:ﬁ:n:
{ machina setting, process parameter contrgl, visual inapection, meintenance eciviies,
posatbls process changes)

* Visunl Inspaction sctivities after mokding:
[ inspection condiions, Inapection plans, ¢rticalfmaln paramaters , viaual aids, scrag ratas )

Loncluslons of the findinas:

Mo process changes could be seen during production of the differe nt saal batchas.

A continuous scrap rate could be acan wih dafects com parable to the defects cateing
the “sarly” fallures of the truck huk unit. There was no spacial production ot or used
rubding hate b that has shown an axcasded scrap laval.

Dus 1o the fact that a 100% visual Inspection by humesn bedng by not sufMclarm snough
to selact ourt all ssals with defects / deviations , It must be assumsd thet seaks whh
defacts has laft CR-Bathlshem during the complvie production period of e asal,

The last production lot from CR-Bethlaham was svallohis In SKF Allken.

This production ot was hlacked. Sampis (5D pleces) out of production lot were sent to
CR- Loverkusen and RFT for qualty brvsatigation.

Invastigation resyity;

Tha Invastigation resilta ahow that appr. 20% of checked seals have shown
deviations, slther an axiallip or radial Bp.

Exparisncas In greased saal applleaton have shown, that thaas kind of deviationa
wllil not lead t0 wator Ingreas during appll catlon (seif heallng procean).

2 % of ssala may have dafects that could lead to sarly waiar Ingresa In tha THU

apphcation dus to the fact that an thet seals devistions wers found on both seal lipa
[stal and radial}.

Thesa kind of defects wavs visibie on rabumed and Imvastipated parts from the flakl.

Samples of deviations saa photos attached.

SKF 001762




Audit report: ATQI.S/ 168702
R-zafe seals magde by CR-Bethlehem Page: 3 of 3

Photos of the defective places
{ Report { 12/04/02) from RFT ( G. Ceresa and A. Zampiari)
Hera below some photos of the 1¢ defsctive pisces with comments.

Place | 1
NOTE: The radlal lip is
- ] interrupted - probably cut by
; ! a knife during the deflashing
pperatian

Measurad: 5.17 mm langth,
0.37 mm helght , 0.075 mm

depth.

“ﬁ: g Plece i 1.4

o NOTE: Maunting the pleca
on a Plaxiglas mandrel it's
possible to see the sealing
lip interrupted.

SKF 001783




Audit report: ATQ/LEME. .02
R ade =Bethlehem Page: ¢ of 4

Pleca 2
NOTE: Tha radial lipis not
uniform - defect originated
during vudcanization

Plecs | 3
NOTE: Photo 1: The
rubkber fliash & out of

tolerance — pieces non
properly deflashed

Piecs | 31

NOTE: Phin2: The
radial lip Is not uniform -
defact originated during
vulcanization

SiKF 001784




Audit report:
R-safe seals made by CR-Bethlehem

ATQLEN6.07402
Poge: 5 of 5

Piloce

1 4

NOTE:

interruptad — probably eut
by a krifa during tha
deflaghing operation

The radial lip is

Plecs

NOTE:

[nterrupted — probably cut
by a kmife during the
daflashing opearation -

The radlel lip Is

SKF 001 TN




Audit report:
-safe seals made

R-Bethlehem

ATQALS 168782
Papge: &6 of B

Place | 6

NOTE: Axial lip
incomplete (lack of
material) - defect
ariginated during
vuleanization

Fhﬂil 7

NOTE: The radlai llp Is
intarrupted — probably cut
by a knifa during the
deflashing operation -

SKF 001768




Audit repori: ATQH,SHE0T.03
R-safe seals made by CR-Bethlehem Page: 7 of 7

Plece J_E {critical defect)

NOTE: The photo shows
the radial lip. The radial llp ls
interrupted — probably cut by
2 knife during the deflashing
operation =

Thare is alzo a lack of
material on the axial lip -
gdefect originated during
vulcanization

Measured: 17.0 mm length,
0.30 mrm height, 0.09 mm
dapth.

| Piece | 9

NOTE: The radial lip I3 not
wniform — defect originated
during vulcanization

SKF 001767




Audit report: ATQ/LS/6D742

R-safe seals made by CR-Bethlehem Pagez 4 of 8
Flece i 10
NOTE: The radial lip is nat
uniform — defect ofiginated
during vulcanization
SKF 001788
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Trucks Business Unit - Product Desipn Report

5[@& Report. No.: ST 02 T 205Updated: Mar L1, 2003 Total Pages: 7 Pape # 1

AMRLEAK TEST ON FF98X KNUCKLE

SKF GmbH
{hannar-Wester-Sir. 12

D-o7419 Scheeinfure,
Tel.: +4% (¥7217 560

Ohne unsere Genshmipung darf diessr Bericht weder vervielRtlgt, nmoch dritten Person=a cdar Konkurrenzfirmen
mitgeizilt werden (31 des Gesetzer vom 9.Sepiember 1965),
Without prior consent this report musl nelther be copled nor comnmyinteated to lﬂurdpu'l.y
01 compelitors (1, act of 9th Sapember, 19635]).

Requesied by Requester
Project Project Titel
Reported by Supervised by Approved by

Achim Miiller/ATT-FR A, Stmbenrauch/ ATT
Coplas 1o
Michael [} Eewis ADNA SEFNATC
Achim Millay ATT-FK SKF Schweinfurt
Archiv MWI SKF Schweinfunt
sHIZ205 3395264kR Achim Miiller
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Trucks Business Unit - Product Design Report

% [@ﬁ Repott. No.: STO02 T 205Updated: Mar 11, 2003 Total Pages: 7 Page # 1
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Key words: ArvinMeritor, Truck Hub Unit, water ingress, leak path, air leak test
THU,
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Trucks Busingss Uit - Product Design Report

'E’ [@E Report. No.: ST 02 T 205Updated: Mar 11, 2003Total Pages: 7 Page # 2

Background

ArvinMeritor is elaiming an unacceptable level of progressive bearing damages on their FF98X non
driven froat steer axles. The disgussed SKF product is a so called "full flanged” Truck Hub Unit.

During a visual inspection of retummed field parts (sae report ST 02 T 206), it was found out that the
vast majority of parte shows damage related to water ingress into the bearing. In contradiction to enrlier
msepections, e leak path aleng the inboard inner ring sids face and the spindle was concluded to be a
main cantributor to the presence of water in the bearing.

Purpose of the Test
To prove potzntial leak paths for weter entering the bearing cavity,

Test Description

A new SKF Truck Hub Unit BTE-00635 was instelled onte a new ArvinMeritor FF98X knuckle. The
bearing was clamped with a torque of 600 ft-1bs applied to the inner locking not. A coupling for
pressurized air was installed into a hub cap and the hub cap was then installed with a tonque of 1 L0
ft-Ibs (3ez picture 1}

8KF 001772




Trucks Business Unit - Product Design Report

El[@E ﬁﬂpm. No.: ST 02 T 205Updated; Mar 11, 2003Tatal Pages: 7 Page # 3

Pressurized ait (0.5 bar) was lead into the hub cap cavity. A leak detection spray was applied onto the
inboard side and the hub cap of the installed unit. The test was repeated also with a used hub cap.

Results

The formation of foam indicates the presence of leak paths along the spindle and the inner ring side
face as well as along the hub cap thread (see pictures 2 to 4).

w

Picture 2: Foaming leak detection gpray at unit side face

BIF 001773




Trucks Business Unit - Product Design Report

5[@& Report. No.: ST 02 T 205Updated: Mar 11, 2003 Total Pages: 7 Page # 4

SKF 001774

Picture 4: Foaming leak detection spray an used hub cap

It i% to be noted that this test is a static test only. It is assumed that dynamic effects cansed by driving




Trucks Business Unit - Product Design Report

5[@5 Report. No.: ST 02 T 205Updated: Mar 11, 2003 Total Pages: 7 Page# 3

and brakinp of the vehicle are enforcing the observed leakages,
Conclusion

The foam formation of the leak detection spray on both the unit side face and the hub cap indicates two
potential leak paths for water entering the bearing. One is along the inner ring side face and the spindle,
the other is through the hub cap thread.

SKF 001775




ResSponse |suse: Oversize hubcap threads - Alr leak test at NATC

to Responxe. | .
o § Responseto: [ Alr Logk Tast
Bruce Woiks/ANMER/SKF .

. T
t e

I didd a leak tesl on ovarsize hubcap threads with both plastic and aluminum hubeaps.
BTF-0052 with hubcap threpds 200 microns over maximum tolerance

Spindle lightly greased with SKF LGEPZ (NLGI 2) grease
Hul: unit torquad to 850 ft-Ibs {min apec)

Tast set-up leak tesi setun.Ipo
Plastic hubcap torqued o 75 f-tba
3 psl - no bubbles at cap or spindle shouldar

10 psl - no bubblkes ot cap, very slight bukbling at spindle shoulder
15 ps&i - no bubbles at cap, very slight bubbling et spindle shoulder

Hubeap at 1 bar {15 psf) plastic hub cap isak.jp

Spindle shouldar lasking at (.87 har {10 psi} spindie lsak kg
This spindle wes usad in the flsld, and haa nat bean meagurad for perpendicularity or roughness,

Aluminum hubcap torqued to 250 f-1bs (orginel spec)
3 psl - bubbles at huboap

Aluminum hubcap leaking at 0.2 bar {3 psl} alum hub cap leak {p

SKF 001778
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Resnpnse' Subject Visusl nspaction of Returmed THUs
" 45 Ml Dedurard: .
_ R Rosponsa to: [ Inspaction and Teat Reports
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O7T0F 0854 AM . 7 | Catagary:

024206 .doc
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Trucks Business Unit - Product Design Report

5[@8 Report. No.: ST 02 T 206Updated: Mar 11, 2003Total Pages: 6 Page # 1

ViSuAL INSPECTION OF RETURNED THU INNER R
INGS

{Origin: Ryder, Big Springs

SKF GmbH
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D-97419 Schwemfirt, Crermany
Tal.: +45 (97213 56-0
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Trucks Business Unit - Product Design Report

5[@8 Report. No.: ST 02 T 206Updated: Mar 11, 2003Totzl Pages: 6 Page# 2

Purpose of the Inspection

To verify findimgs of earlier visual inspections performed by ADNA personal. In total 13 inboard inoer cogs. roller
complements and g=als of Truck Hub Units BTF-0032 were retumned. These beatings bave been identified earlier to be
spalled, thus not reaching the expacted service life of & million miles. It hat been dettrmined thet the spalls are cansed by
lubricant film break down dus to water ingress thraugh the inboard s=al

Findings of Visual Inspection

Hareunder are listed the findings and conchusions of the visual inspection performed in the Schweinfurt test faboratory. To
identify individual bearings, the findings are summarized onder the respective claim mumber and mileage.

E17T51364 305,318 milen

Two shallow spalls in roller distance over 34 of the inner ring mceway length. The seal main lip wear iz 0.6 mm wide. No
sipnz of cormeion an seal counterface. Corrosion is found it the elip ving groowve.

Mwmlymlhmhﬁcmgsmfmm.&mhadmgwis typically camed by either vibmtions or nbricant

film break down. The most common reasca for ubricant film bresk down is the prosence of water in the bearing. The
. presspce of ruet in the bearing bore and the appearance of the seal are indlicating & leak path along the axle,

Ryder 3617 393,580 wilos

Ring and roller racewnys as wefl as the guiding flange are in good conditicn. The seal main hip wear iz 3.1 mm wids, The
geal connterfice is partislly corrofled. Mo coaroslon is foutd in the clip cng groova.

The bepring bas not failed yet. The heavily worn seal indicates a pedced sealing fancton, allowing water and ather
contumination entering the bearing.

E175554% 438,588 niles

The: guiding flangs in heavily worn aver sbaut 907 of the circnmference ("ot rumoer”). Ring rnd roller meewnys are in
good condition. The ssal waln Hpy wear in 0.6 mm wide. Corrosion is found o the clip ring groeve. No evidence of water in
the bearing, Fretting corracion in the bearing bore is indicating two Joad zones.

Seizing on guiding flangs surfaces is considered to be an noomel occurance, 1t muy be capsed by gither hezvy axigl Ivadmg,
extremaly high preload {clamp load), labeicant film beeak down or misaligned mating pare {perpendienlarity of spindle and

shoulder). Dus to the good overall appearance of the beering components, lubricant flm break down s an wnlfkely root
cause for the damage. Twa load zones typically show op when the bearing is disassembled and put back ento the spindle.

Ryder 33623 615,339 milea

Eing and roller saceways as weil as tha puiding flange are in good condition. The seal main lip- wear is 1.6 mm wide. The
seal counterface appears o be in good consdition. The clip ring groove is not corroded. No evidence of water ingress is
found. However, there are taces of over rolled particles.

The scurce of those particles could not be clarified. The findings on this bearing do not lead o 2 conclusion.

1784
Ryder 33620 482,615 miles SKF 0o

One shallow spalt over about 130° of the ring raceway. The areis closs to b spall appear shiny. The zeal main lip wear =
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2.3 mm wide. The ##al coumterface is not corroded. Rust can be found m the clip ring groove. The tng and the seal are
damaged by disassemnbly Lopls.

Shallow apalls and‘or ahiny, mirrorlike, aceways ere indicating a lubricant film brenk down, Boih, the shioy moewny
surface and the henvily worn sesl, are indicating water ingress into the bearing. There is, however, alse evidence af a leak .
path along the spindte.

E1755322 403,2H mlles

e shaliow spall over sbont 150° of the ring raceway. In addition, the guiding flange is heavily worn over about S0°. The
gzal maip lip weer i 1.7 mm wide, the main lip is tom away over about $0° of the circumference. Ruat can be found in the
clip 1ing grocove.

Shallow spalls are typicel for lnbrication problems. The heavy seal wear indicetes contamination ingress into the bearing,
there ia also evidence of a leak path along the spindle.

E1752378 37,711 miley
The ring raceway ia spalled over about 90° of ity circumference. The roller racewnyn are shiny. A 2 om long pertick (chip?)
in found in the goiding flang= undercut. The senl main lip wear ia 1.6 mum wide. Tha seal counter face appears in good
condition, however, the imoe of the dust lip shows some corrosion. Fast is found in the clip rmg groave,

Shiny raceways are svidence of lubricant film break down. Both corsasion traces, on the seal counterface and the bearing
bore, indicating potentind leak pathy.

E175133% 629,347 miles

The ring racewsy s spallad gver shout 907 of fts circumfereoce, The seal matw Lip wear ia 3.8 mm wide. The acal
countarface 19 heavily carroded Bt is present in the clip rng gropve. The roller meeways are shiny. The acal main lip
exhibits several voids, up to five nm long, on the bearing side.

The: spall sppears to be caused by ubricant Tiim break down duc to water entering the bearing. The voida in the seal lip may
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be explained by roller skowing as a consaquance of the spall. |
CWAlSSS 385 007 ruiles I

The ring raceway is spalled, while the roller mcewayt are shiny. The seal main lip wear ia 1.3 mm wide. The ssal couner
face in in good condition, Rt cam be found in the clip ring groove. |

Shallow spalls and shiny raceways are indicating a lubricant film breakdown due to water ingress. A leak path along the
spindle appenm to be possible.

CWAOTRI3 mileage ?
Ring and moller moewnys are th pond condition. The guiding flange is seized. The seal maimn lip wear is 3:ﬂmmwidl=.'rh:
sel counter face gppears to be in good condition, The seal spring is smissing. Only little nxnt can be saen in the bearing bore.

SKF 001TBE
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The reason for this damage is not determined. The seal is heavily worn. However, since the mileape of the bearing is not
knowa, n cooclusion about the scal performance iy hardly possible,

E1744715 168,745 miles

The eppearance of the racewnys and the guiding flange is geod. Traces of over rolled particles are to be seen. The seal main
lip wear is 0.9 mm wide. The seal counterface is in good condition. Rust can be found in the clip ring groove. The dust lip
of the seal has a five min long cut.

The source of those particles could not be elarnified. The findings on this bearing do not lead to 8 conclusion.
E1752410 192,639 mites

The racewiys arc shiny, while the guiding flange i seized. The scal mein Lip wear 18 3.5 oy wide, The seal counterface is
hewvily comoded The bearing bore in also beavily commoded. Multiple dark lines on the clng raceway in mller distance ars
indicating contact corresion between rollers and ring raceway.

The averall appearance of the bearmg compopents ‘eads ta the conclusion that the bearing was submerged in water. Free
waler was present in the bearing, canying & lybricant film break down. Since multiple liney of contact corrosion can be ssen,
it can be axsumed that the berring was opemting for 8 while after the submersion happened.

EL7ITI0E 1,165,585 km

The ring mceway is polished. Rosstion loyers o the roller raceweys are indicating elevated opematicn tempersiures. The
geal main lip wear is 3.6 mm wide. The seal counterfice is corroded.

The appestance of the beardng ia typleal for a lutwicant film break down The heavy seai wear sapporta the assuwmption that
water pagand the zea] Ky,

Sommary

A mwtal of 13 requrned baaring cones and seals hwve been inspecied. All of thase bearings had been clasaified by ADNA. as
being daraged sfter inbornd seal leakages.

The findings reported above do not fally sapport this earlizr asacsament.

Tt oay be confirmed that the vast majority of the bearing dsmagzs sre due to hubricent film brenk down caoaed by waier
infrusicn into the bewrng. Tt iy, however, not verified in alt cases that wates entered the bearings throngh the seal. There is
also a potential keak path along the spindle.

Thia comelngion is supported by the pressuce of ruat in the inner ring's clip ring grocve amd the gaod overll appearance of
the zeal lips and their coumtafaces in about half of dhe inspected benrings.

A tolel of five bearings out of 13 are conchuled not to bave seal leaks. One bearing demage is not conclsive since the
service milage is not known. The remaining seven brarings show evideoce of seal leakage. It has to be pointed out, that in
almost all cas=s, water wi present in the bearing bore. Therefore it is not to be determined wivethar some of these reven
cazes may also be limked i water inbrusion along the spindle.

BKF 0017288
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Purpose

Purpase of this investigation was to prove that clamping a Truck Hub Unit (THLU} without rotating the ourter ring ray lead
to damsages on ring or rolier meeways.

Test Description

A THU (BTF-0032) was dissssembled and cleansd. The condition of the raceways was documented {se= pichure 17. After
that, the unit was lubricated with a total of 61 gt. of GWZ grease.

Picture 1: Condition of inboard outer ring macewsy before Agsernhly Test
Thnuﬂtwﬂmnhurianuhﬂyhﬂuﬂedmupiudh.mmlnaknntwutorqnudmﬂnchmplundnrappmmul}r
90 N wha résched. Befors reapectively during clarmping of the unit, it was taken carc that the pater ring of the bearing waa
0ot rotatad. Ax 4 secood siep, the onter lock mit was instuiled with 8 tocque of 300 filba. After that, the bearing was
disagsernbled, cleaned arwd insperted for damages.

This test was repeatod with thres different units.

Test Results

Upon dissmermbly of the unit, several indentutions weze found on the outer ring raceways, A typical appesrmee form ic
depicted in pletre 2,
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Picture 2: Typical indentation on outer ring raceway after tast
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The extensicn of the indentation in picture 2 was determined to be 0.35 1mm in circumnfcrential direction and approximately
7.1 pm from peak to valley (picture 3),

S TH m -]
Toak T Ballmy = T.20%on

? -

e T b At s s g D LNt Tmen pe ;.':-:l-_-u:T:mmc-'r-":—_q.‘)ﬂ--eﬁ'ﬁl:ﬁJ

Picture 3: Ruceway surface and indentation
Conclusion

ThilustpmmﬂntnmmhﬁonafﬂnTHUnmmrtugdmhgchnﬁng can cause coasiderabie damage of the besring.
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